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SECTION 1

INTRODICTION

1.1 BACKGROUND

-During the past several years, the Electromagnetic Compatibility Analysis

Center (ECAC) has supported the Federal Aviation Administration (FAA) by

predicting the effects of various airborne Collision Avoidance Systems (CAS)

on the existing FAA Air Traffic Control Radar Beacon System (ATCRBS) and the
1,2

planned Mode S system. In FY-81, ECAC investigated the effects of an

omnidirectional version of the Traffic Alert and Collision Avoidance System

(TCAS) on ATCRBS and Mode S system performance in a hypothetical Los Angeles

Basin air traffic deployment and in subsets of that deployment.3,4  For those

air traffic deployments, it was predicted that TCAS activity would not degrade

ATCRBS or Mode S ATC system performance; however, interference-limiting

constraints resulted in undesired reductions in the protection volume of TCAS-

equipped aircraft that were operating in densely- populated airspace.

To maximize the protection area for TCAS-equipped aircraft operating in

future high-density environments, the FAA proposed a new TCAS design. This

design includes a directional, scanning antenna, improved Mode S tracking

,algorithms, a modified whisper-shout sequence (to maintain surveillance of

ITheberge, Norman, The Impact of a Proposed Active BCAS on ATCRBS Performance

in the Washington, DC, 1981- Environment, FAA-RD-177-140, FAA, Washington,
DC, September 1977, ADA 048589.

2Gettier, C. et al.i Analysis of Elements of Three Airborne Beacon Based

Collision Avoidance Systems, FAA-RD-79-123, FAA, Washington, DC, May 1979,
ADA 082026.

3Hildenberger, Mark, User's Manual for the Los Angeles Basin Standard Traffic

Model Card Deck/Character Tape Version, FAA-RD-73-89, FAA, Washington, DC,
May 1973, ADA 768846.

4patrick, G. and Keech, T., Impact of an Omnidirectional Traffic Alert and

Collision Avoidance System on the Air Traffic Control Radar Beacon System and

the Discrete Address Beacon System, FAA/RD181/106, FAA, Washington, DC,
November 1981, ADA 116170.

I-I
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ATCRBS-equipped aircraft), and -associated revisions to the interference

5limiting algorithm. The design was chosen to reduce the extent of

interference limiting and thus allow TCAS-equipped aircraft to successfully

perform the collision avoidance function in even the most congested airspace

and- also to reduce the potential for interference with ground-based ATC

systems.

Three--versions of TCAS have been proposed: Enhanced TCAS II, Minimum

TCAS II (TCAS II M), and-TCAS I. Enhanced TCAS is still in the design phase,

and as such, is not addressed in this study. TCAS II M is capable of

omnidirectional Mode S surveillance and limited directional ATCRBS

surveillance. TCAS II M-equipped aircraft track nearby ATCRBS transponder-

equipped aircrafL by periodically eliciting replies using an ATCRBS-only

interrogation format; nearby Mode S transponder-equipped aircraft are tracked

by periodically eliciting replies using a Mode S interrogation format. The

TCAS II M is- designed for use in commercial aircraft. TCAS I, a less

expensive version of TCAS, locates nearby aircraft, both:ATCRBS- and

M6de S-equipped, by periodically eliciting replies using an ATCRBS

interrogation format. The TCAS i is designed for use in general aviation

aircraft.-

To investigate the effects of TCAS I and TCAS II M operations on ATCRBS

and Mode S ATC performance, ECAC was requested to perform a simulation

analysis, similar to the FY-81 -Los Angeles Basin study. This analysis was

performed using the TCAS Signal Environment Model (SEM).6  This model is used

to predict the time-average rates at which TCAS signals are received at ATC

transponderb in a given deployment. These rates cre then used in the

5Radio Technical Commission for -Aeronautics, Minimum Operational Performance
Standards -(MOPS) for Traffic Alert and Collision Avoidance System (TCAS)
Airborne Equipment, RTCA/DO-185, Washington, DC, September 1983.

6Patrick, G. et al., The Impact-df a Traffic Alert and Collision Avoidance
System on the Air Traffic Control Radar Beacon System and ModeS System in-
the Los Angeles Basin, -DOT/FAA/PM-84/30, FAA, Washington, DC, May 1985.

1-2
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a 7o

'DABS/ATCRBS/AIMS Performance PredlicLinn Model (PPM)7 to- merge the TCAS signal
ij

environment with signals due to ground-based ATC systems. The

DABS/ATCRBS/AIMS PPM then predicts the performance of a selected interroqator-

of-interest in the composite ATC and TCAS signal environment.

This document describes the TCAS SEM. Included are descriptions of the

-modeled systems, the data-storage and retrieval subsystems for engineering

data, and the software structures of all :..:.;:-ent subsystems. The results of

the FY83/84 TAS SEM simulation exercise using Los Angeles Basin air traffic

deployments are presented in the document cited in Reference 6.

1-.2 OBJECTIVE

The objective of this effort was to document the TCAS Signal Environment

Model (SEM) that was developed to predict time-averaged TCAS I and TCAS II M

-signal -rates in a given air traffic deployment.

1 -li3 APPROACH

1.3.1 Design Rationale

The TCAS SEM was- developed to be used in conjunction with the

DABS/ATCRBS/AIMS PPM- to predict the performance of ATCRBS and Mode S ATC

-systems in an environment including both TCAS and ATC system surveillance

-activi-ty. The TCAS SEM simulates TCAS surveillance operation and predicts the

time-averaged rates at which TAS signals are received at all environmental

-ATC transponders. These rates are then accessed by the DABS/ATCRBS/AIMS PPM

during a simulation exercise, and merged statistically, using Monte Carlo

..techniques, with the deterministically produced signal environment associated

I aThe Discrete Address Beacon System (DABS) was renamed Mode S after the
completion of the DABS/ATCRBS/AIMS PPM.

7-Crawford, C., R. and hler, C. W., The DABS/ATCRBS/AIMS Performance Prediction

Model, FAA-RD-79-88, FAA, Washingtor, DC, November 1979, ADA 089440.

1-3
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with ground-based ATC and surveillance operations. The DABS/ATCRBS/AIMS- PPM

then predicts the performance of a user-selected interrogator-of-interest (10)

in the composite ATC and TCAS signal environment.

This method of statistically merging the TCAS signal environment with the

ATC environment is permissible sin~e the time variations in TCAS signal

activity are relatively small in comparison to variations in ground-based ATC

signal activity. Specifically, ground-based ATC systems employ highly

directional scanning antennas; consequently, there are periods when an

aircraft is not within the mainbeam of a single interrogator, and periods when

the sane aircraft is simultaneously with the mainbeams of several

interrogators. This phenomenon leads to large scan-to-scan signal rate

variations.

The TCAS I and TCAS II M do not produce large time variations in signal

activity. The proposed -low power, active TCAS I transmits one ATCRBS

'-nterrogation/sequence per second on an omnidirectional antenna.8  To simplify

the analysis, TCAS I is modeled in the TCAS SEM as transmitting one

interrogation per second. TCAS II M transmits the ATCRBS interrogation

sequence once -per second on a--wide-beam (BW ( 1300) antenna which is

electronically steered to four positions (forward, left-side,- right-side, and

aft). TCAS II M transmits Mode S interrogations on an omnidirectional

antenna. The Mode S interrogation rate transmitted by a given TCAS II

M-equipped aircraft is a function of the number of Mode S-equipped aircraft

within approximately thirty nautical miles. Since the changes in air-traffic

density throughout the LA Basin deployment have been shown to be negligible
during the 10-Scan (46 seconds) DABS/ATCRBS/AIMS simulation, TCAS rates are

relatively constant. In view of these considerations-, the compatibility of

TCAS I and TCAS II M with ATCRBS and Mode S can logically be analyzed using

this statistical approach.

8Welch, J. D. and Harman, W. H., Improved TCAS I for Pilot Warninq Indication,
AIAA/IEEE 6th Digital Avionics System Conference, December 1984, pp. 593-596.

1-4
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1.3.2 Simulation Execution

The execution sequence for the two models is illustrated in Figure 1-1.

The user first executes a 10-scan DABS/ATCRBS/AIMS PPM simulation to estimate

the -time-average rates at which ATC interrogations and suppressions arrive at

each aircraft within a given deployment. These rates are then used within the

TCAS SEM to estimate the mean reply efficiency and reply rate of each

transponder. The TCAS SEM uses the transponder reply efficiency and reply

rate to estimate TCAS II M Mode S surveillance activity. This is accomplished

as follows. The TCAS II M surveillance protocol requires that a TCAS II M-

equipped aircraft elicit a decodable Mode S reply once per second from all

other Mode S-equipped aircraft within approximately 7 nmi, and at a rate which

decreases monotonically with range for aircraft beyond 7 nimi. The efficiency

with which a TCAS II M elicits decodable replies is related to the local fruit

rate, which is a function of the local air traffic density and the local

transponder reply rate. The number of interrogations required by a qiven TCAS

II M to elicit a decodable reply therefore increases with increases in the

local fruit rate.

This background signal environMent must therefore be specified in order

-to accurately predict TCAS II M Mode S surveillance rates. With these input

parameters, the TCAS SEM is exercised to simulate two minutes of real timea to

predict the time-averaged rates at which TCAS I and TCAS II M signals arrive

at each transponder. The DABS/ATCRBS/AIMS PPM uses these TCAS signal rates as

a basis with which to merge TCAS signals with those due to ground-based ATC

systems.

1.3.3 Report Organization

The remainder of this report is divided into two sections and three

appendixes. The modeled TCAS and ATC transponder systems are discussed In

Section 2. Section 3 contains a tree diagram of the program control flow

aThis is a sufficient time to allow any model-induced transients to decay.

1-5
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S tnd (LetaiLted descril)tions Lil Proiram I)estiqn T,anquaqe (PDL) of each subroutine

Ln the model. The PD, replaces t.1i Flow-chart method of documentlnq software

,nid gives a more detailed and accurate description of the code. A PDL was

written for the driver and each subroutine in the TCAS SEM, and each includes

the following elements: Purpose, Inputs, Procedure, Outputs, Variables of

Interest, and Process. The first four elements of the PDL contain general

information about the program segment: its function, its inputs, the

procedure by which it achieves its function, and its outputs. The last two

elements contain specific information about the code and were provided to ease

understanding and modification of the code by the programmer. Specifically

included are a definition of the- variables used in the program segment and

pseudo-code that explains the coded listing in a nearly line-by-line fashion.

APPENDIX A contains a data- dictionary containing all the common variables

in the mod].. APPENDIX B lists a fully commented ASCII FORTRAN version of the

model, and APPENDIX C illustrates the procedure for executing the model and a

sample of its output.

N'
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-S'PT ION 2
MOI BI[,ED SSTMS

2.1 INTRODUCTION

This section contains a brief description of the technical

characteristics and- surveillance procedutes, as modeled, of TCAS I and

TCAS II M. This is followed by a description of the modeled ATC transponder

systems.

2.2 WAS OPERATIONS 'AND TECHNICAL CHARACTERISTICS

2.2., TCAS IIM:

TCAS II M is an airborne system that is designed to- use existing ATCRBS

and Mode S signal formats to perform the collision-avidance function.

TAS I I M tracks ATCRBS-equipped aircraft in its vicinity via the whisper-

+ shout power management -technique. Nearby Mode S-equipped-aircraft are tracked

via discrete Mode S transactions. The ATCRBS whisper-shout surveillance

sequence is transmitted--once- per second. The Mode S transaction update

frequency is related- to the position of the Mode S equipped aircraft relative

to the position of -the TCAS II M. Mode S and ATCRBS surveillance procedures

are discussed in detail below. TCAS II M characteristics--are given in

TABLE 2-1.

2.2.1.1 Mode S Surveillance Process. Initially, eachMode S aircraft is

assumed to be in the -null state. Upon detection of a -squitter, the aircraft

is placed in the squitter state. If a second squitter is received within

16 seconds of the first, the aircraft is placed in the acquisition state,

unless the altitude separation is greater than 9000 feet, in which case the

intruder aircraft remains in the squitter state. A target aircraft is purged

from squitter processing if a second squitter reply is not received within

16 seconds of the first reply. These replies may be either replies elicited

by another TCAS II M-equipped aircraft or unelicited replies.

2-1
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TAHNNI. 2-1

TLCAS .1-I -M (.IIAIRAC. IN I,[SI[CS

Charcteristic Mode S ATCRBS

Mean -Standard Deviation Mean Standard Deviation

Peak Radiated Powera  54 d m 0.5 49 dm 0.5
aSensitivity -77 dBm 0. 75 -74 dBm 0.75

Antenna Type9  Omnidirectional Directional (13 0 0)b

aTrdnsmitter power and sensitivities were assigned- using a normal

distribution.
bAt sum-difference crossover points.

While the aircraft is in the acquisition- state, TCAS II M interrogates to

determine if the -aircraft should be placed in the roll-call or dormancy

state. The number of interrogations, transmitted- during acquisition is a

-function of the TCAS II M ability -to receive and- correlate replies -from the

-intruder Mode S aircraft. There are four acquisition trials, -each consisting

of six one-second scans. TABLE 2-2 shows the maximum number of failed

interrogations allowed during each of the four trials. For example, during

the first scan of the first trial, TCAS II M may transmit as many as four

interrogations (one successful, three unsuccessful).

If two correlating replies are received during any trial sequence, the

intruder aircraft is- placed either in the dormancy state or in the roll-call

state. The aircraft is placed in the dormancy state if TCAS II M estimates

the "Time to Endanger" (TE = range/maximum closure rate) to be greater than

43 seconds; otherwise, the intruder is placed in the roll-call state.

If no replies are received during any one of the trials, the intruder

aircraft is returned to the squitter state tor a period not to exceed 40

9Lee, J., Data Package for TCAS-II Aittenna, R-3761-10266, Dalmo Victor
Company, 29 March 1982, (Proprietary Data).

2-2
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MAXIMUM NJMItIKR -UP i'*Ai.O N'IHIOGA'I'EONS AII.OWF.ID DURING
XACH., SCAN Op" '11t H: ACQIUJS V-1 IONF- TRIAr.S

Acquisition3 Trial

Scan 1 2 3- 4

S3- 2 1 1

2 3 2 1 0

3 3 2 1- 0

4 0 0 0 0

5 0 0 0 0-

6 - 0 0 0 0

seconds. Upon the return of intruder aircraft to squitter state, a running

sum, initialized at 0, is maintained. The sum is--decremented-by one for each

succeeding scan- that a squitter is not received and is incremented- by an

amount as shown in TABLE 2-3 for -each scan- that a squitter is received. The

intruder is purged from the squitter state and placed into the null state when

the value -of the- running sum becomes less than or equal to -40. It is

transferred to the acquisition ,state, whenever the running sum exceeds 0 unless

the altitude separation is greater than 9000 feet.

TABLE 2-3.

INCREMENTS BY SCAN _TO, SQUITTER SUM FOR CLEAR
RECEPTION OF SQUITTER

' Scan 0 1 2 3 4 (or more)

Increment 20 16 8 4 2 !

Aircraft assigned to the dormancy state are not interrogated. The

aircraft remains in the dormancy state for a period of time equal to TE minus

40 seconds. After this time, the aircraft is placed in the squitter state.

2-3
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If the- aircraft -is assigned to the roll-call state (i.e., the TE is le's

than 43 seconds), TCAS 1 M -interroqates the intruder each second to update

its track record. TABLE 2-4 shows- the maximum number of interrogations

permitted to elicit a decodable reply during each one-second -scan. This is

referred to as the ten-second roll-call sequence. If the entire ten-scan

sequence elapses with no valid reply, interrogations to the intruder aircraft

are terminated, and the aircraft is returned to the squitter state.

TABLE 2-4

MAXIMUM INTERROGATIONS ALLOWED DURING EACH ROLL-CALL SCAN
TO ELICIT A DECODABLE REPLY

Maximum Number
Scan of Interrogations

1 5
2- 43 

4 2
5 2
-6 27 2 .
8 2
9 2

10 2

2.2.1.2 Whisper-shout ATCRBS surveillance. The current TCAS, II M design

employs a four-beam directional antenna on top of the aircraft and an

omnidirectional antenna -on the bottom of the aircraft. Each TCAS II M-

equipped aircraft tracks ATCRBS-equipped aircraft via the whisper-shout power

management technique shown- in Figure 2-1.

This technique uses directional interrogations from--each of the four

beams of the top antenna. The interrogation sequence starts with a lower

power interrogation level (26 dBm) and proceeds to higher power interrogation

levels in 1-dB increments. A total of 83 whisper-shout interrogations are

transmitted each second unless interference limiting adjustments are

required. Interrogations are eliminated from the sequence in the order shown

2-4
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TOTAL RADIATED INTERFERENCE
INTERROGATION POWER LIMITING

(dBm) PRIORITY

TOP S..I 49 1
ANTENNA S.I 48 5

S..I 47 9
FORWARD S.1 46 13

DIRECTION S.. I 45 17
S.I 44 21

S..-I 43 25
S. 42 29

S.I 41 33
S.I 40 37

S..I 39 41
S.I 38 45

S.. I 37 49
S.I 36 53

S.I 35 57
S.-I 34 61

S._.I 33- 64
S.I 32 67

S..I 31 70
S.I 30 73

S..I 29 76
S.I 28 77

S.. I 27 78
26. 7§

TOP S._.I 45 2,3
ANTENNA S.Il 44 6,7

S..I 43 10,11
LEFT & RIGHT s.1 42 14,15

DIRECTIONS S..I 41 18,19

S.I 40 22,23
S..I 39 26,27
S.I 38 30,31

S..I 37 34,35

S.I 36 38,39
S. .1 35 42,43

S.I 34 46,47

S..I 33 50,51
S.I 32 ,54,55

S. .-I 31 58,59

S.I 30 62,63

S..I 29 65,66
S.I 28 68,69

S..I 27 71,72
_..I_26 74,75I I I
24 34 44 54

RADIATED POWER (dBm)

Figure 2-1. Whisper-shout interrogation sequence. (Page 1 of 2). /
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TOTAL RAD)IATEI) INTERFEREN"I"

INTERROGATrION POWER LIMITING

(dlim) PRIORITY

S .1 40 4

39 8

S. 38 1,2

S. • ITOP 37 16

5. ANTENNA 36 20
S. 35 24

S. I AFT 34 28

S. .1 DIRECTION 33 32

S.I 32 36

S.. I 31 40

s.I 30 44

S.. 29 48

S.I 28 52

S.. I 27 56
26 -60

S.. I 36 80

S..I BOTTOM OMNI 34 81

S..I ANTENNA 32 82
..... I 30 83

24 34 44- 54

RADIATED POWER (dBm)

Notes: "I" indicates total radiated power of PI' P3 ' and P4 interrogation

pulses.

"S" indicates total radiated power of P1 and P suppression pulses.
2-

"S.I" means that the total radiated suppression power is 2 dB less

than the total radiated interrogation power.

"S..I" means that the total radiated- suppression power is 3 dB less
than the total radiated interrogation power.

Figure 2-1-. (Paq 2 of 2).

2-6
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in Figure 2-1 if interference limiting adjustments are required. The

interference limiting procedures are discussed in subsection 2.2.3.

Each successive interrogation in the sequence is preceded by a

suppression. This suppression is used to prevent the more sensitive

transponders from replying again. The suppression pulse is at a power level

2 or 3 dB lower than the accompanying interrogation. Partitioning the ATCRBS

environment with respect to transponder sensitivity reduces the Aumber of

overlapping replies received by the TCAS II M receiver. The function of the

transmission from the bottom antenna is to minimize false targets that are

generated -by multipath conditions,

2.2.2 TCAS I

TCAS I is a lower-cost, limited-performance version of TCA$ that is

compatible with TCAS II M operation-. Its main--functions are 1) to support
surveillance for TCAS II M as well- as ground air traffic control and (2) to

maintain sur)eillance of nearby transponder-equipped aircraft. To support the

surveilLance function, TCAS I interrogates once per second using an ATCRBS

Mode C -format.10 The-interrogation is transmitted on an omnidirectional

antenna. The transmission power and- interference limiting-standards for

TCAS I have-been proposed but have not been formally adopted-(see

Reference 8).'

2.2.3 TCAS/ATC Compatibility Design

Each TCAS II M unit incorporates interference limiting to ensure that

TCAS II M signals will not interfere with other systems when operating in

high-density airspace. TCAS II M controls its interrogation rate and/or power

to minimize interference effects -by conforming to a set of three specific

inequalities. This ensures that all interference effects resulting from these

10Traffic Alert and:Collision Avoidance System (TCAS I) Design Guidelines,

FAA-RD-82-12, FAA, Washington, DC, April 1982.
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interrogations, together with- the interrogations from all other TCAS II M

airborne interrogators in the vicinity, are kept to a low level. The number

o Mode S and ATCRBS interrogations made by a TCAS II M-equipped aircraft and

the number of other TCAS II M-equipped aircraft within squitter range are

computed. These computed quantities are used in- the following three

interference-limiting equations:

I P(i) 280
S F (2-1)

i=1 250 watts I + NTA

I
S M(i) F 0.01 second (2-2)
i=I

K PA~k) -80
S F--- (2-3)

k=1 250 watts 1 +-NTA

The variables in these inequalities are defined as follows:

I = the total number of Mode S interrogations transmitted in a

1-second period.

i = the index number of the current Mode S interrogation;

i = 1, 2, *.., I.

P(W) = the total radiated Mode S power (in watts) from the

antenna for the i-th interrogation.

NTA = the number of airborne TCAS II M interrogators that are

detected by squitter.

M(i) = the duration of the mutual suppression interval for the

TCAS II M transponder associated with the i-th

-nterrogation.

K = the total number of ATCRBS interrogations in a 1-second

period.

k = the index number of the ATCRBS interrogation;

2-8
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k = 1, 2,..., K.

PA(k) the total radiated power (in watts) from the antenna for

the h-th ATCRBS interrogation.

The TCAS II M unit will determine once per second if the power and/or

interrogation rate should be adjusted. Each TCAS II M varies the system

parameters computed in inequalities (2-1), (2-2), and (2-3) to maximize the

surveillance ranges for Mode S and AT CRBS aircraft, while limiting the total

power and interrogation rate not to exceed set values.

At the beginning of each surveillance update interval (each second), the

number of TAS II M interrogators detected by squitter is used to evaluate the

current right-hand limits in inequalities (2-1) and (2-3)_. The average values

over a 16-second interval for the Mode S variables in the inequalities are

also calculated. If the-average value of the left-hand side of either -

inequality (2-T) or (2-2)- equals or exceeds the current limit, both the Mode S

and the ATCRBS surveillance =parameters are modified to satisfy the

inequalities.

The ATCRBS surveillance activity is modified by sequentially eliminating

elements of the whisper-shout sequence. Each whisper-shout step is uniquely

associated with a TCAS II Mreceiver Minimum Triggering Level (MTL)- setting.

Thus, the receiver sensitivity in ATCRBS surveillance periods is automatically

tailored to match these power reductions.

Mode S surveillance activity is modified by adjusting Mode S

interrogation power and/or squitter sensitivity. In evaluating these.

inequalities, 16-second averages of the Mode S parameters and current or

anticipated values of the ATCRBS'parameters are used. After the Mode S

variables (power and/or squitter sensitivity) have been changed to satisfy the

inequalities during the update interval, the only change allowed during the

next 16 seconds is a reduction in the number of whisper-shout steps needed to

satisfy inequality (2-3)-.- This is designated the 16-second freeze.

2-9
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2-.3, ATC TRANSPONDER CHARACThRISTiCS

Each transponder-equipped aircraft is represented by an antenna (omni-
directional in azimuth), antenna cable, receiver/processor, and a

transmitter. The (quantized) vertical antenna gain patterns were derived from
ameasured data for the Boeing 727 antenna/airframe configuration. For

modeling purposes, it is assumed that ATCRBS transponder-equipped aircraft are

fitted with a single, bottom-mounted antenna, while Mode S transponder-

equipped aircraft are fitted with both top- and bottom-mounted antennas.

Polarization losses are neglected. The cable loss from the antenna terminals

to the receiver/transmitter terminals is assumed to be 3 dB for the entire

transponder population.

The receiver sensitivity and transmitter power output of each type of

transponder are assigned statistically in accordance with measured data.:l.

-For ATCRBS transponders, the values of receiver sensitivity range between

-51-dBm and -90 dBm, with an average value of -74 dBm; the values of

transmitter power range between 46 .dBw and 65 dan, with an average power of 57

Mode S transponder-equipped aircraft receiver/transmitter characteristics

are assigned using a normal probability distribution function. he receiver

sensitivity distribution for Mode S transponder-equipped aircraft that are not

TCAS II M-equipped are assigned using a mean value of -77 dfm with a standard

deviation of 1.5 dB. The sensitivity distribution for Mode S transponder-

equipped aircraft that are TCAS Ii M-equipped is constructed using a mean

value of -77 dBm with a standard deviation of 0.5 dB. Reply power levels for

'the two populations of Mode S transponders are assigned in a similar way: an

average reply power of 57 dBm for both populations with standard deviations of

1.5 dB for Mode S aircraft that are not TCAS II M-equipped, and 0.5 dB for

aPatterns were supplied to ECAC by the FAA.

11Colby, G. V. and Crocker, E. A., Final Report Transponder Test Program,
FAA-RD-72-30, FAA, Washington, DC, April 1972.
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Mode S aircraft that are TCAS II M-equipped.

Transponders are subjected- to a variety of sihnal formats from ATCRBS

interrogatorsi Mode S interrogators, and TCAS interrogators. The reaction o,.

a- transponder receiver/processor and transmitter to each type of siqnal is, in

general, different for Mode S and ATCRBS transponders. TABLE 2-5 lists the

different types of signals that may be received at transponders, and the

attendant receiver/processor and transmitter action.

TABLE 2-5

TRANSPONDER INTERROGATION PROCESSING AND DEAD TIMES

Receiver Transmitter
Transmission Type fTransponder Type -Dead Time ()s)- Action

ATCRBS Interrogation ATCRBS 60 Reply

ATCRBS-Only Interrogationa ATCRBS 60 Reply

ATCRBS-Suppression ATCRBS 35 Suppression

- Mode S Interrogation ATCRBS 35 Suppression-
(All-Call and Roll-Call)

ATCRBS Interrogation Mode S 60 Reply

ATCRBS-Only Interrogation -Mode S 24 Suppression

ATCRBS Suppression Mode S 35 Suppression

Mode S Interrogation Mode S 192 (short Reply
reply)

248 (-long Reply
reply)

Mode S Interrogation Mode S 20 (short - Suppression
(not at transponder address) interrogation)

32 (long Suppression
interrogation)

Mode S All-Call Interrogation Mode S 128 Replyb

aATCRBS-only interrogationc are transmitted by Mode S sensors and TCAS II M
interrogators.

T bThe probability of reply of Mode S transponders to Mode S All-Call

Interrogation is controlled by data contained in the interrogation.
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SECTION 3

MODEL DESCRIPTION

3.- INTRODUCTION-

= • The TCAS SEM is divided into a main driver program and 24 separate

subroutines, each of which performs a specific function. Figure 3-i shows the

major functions of the model and identifies the subroutines that perform those

-functions. To the left of each subroutine shown on the diagram is a general

description of the function(s) that it performs. The information contained in

this section is -presented in the form of PDLS (program design language) to be

used in conjunction with the actual code of the TCAS SEM (APPENDIX B). The

PDLs provide a detailed description of the variables and the logic of each

subroutine.

3.2 OPERATIONAL DESCRIPTION

The =DABS/ATCRBS/AIMS-PPM and the TCAS SEM were designed in ASCII FORTRAN-

for use on the ECAC Sperry -1-100/82 computer. The TCAS SEM is machine-dependent

because of its use of system subroutines and system -functions.

3.2.1 Input/Output Files

The DABS/ATCRBS/AIMS PPM creates an input disk file (See TABLE 3-1) for

the TCAS SEN that contains average interrogation and suppression rates due to

ground air traffic control for each aircraft in the deployment. The aircraft's

position (latitude, longitude, and altitude), type (ATCRBS, Mode S, or

TCAS II M), and its velocity (East-West, North-South, and vertical directions.)

are supplied by the IA Basin Model -(Reference 3) using the format of

TABLE 3-2. Using this information, the TCAS SEM simulates TCAS activity during

a 120-second interval. At the end of the simulation, the TCAS SEM creates a

disk file which includes the time-average rates at which TCAS signals arrive at

each aircraft. The types of signal rates stored are listed in TABLE 3-3.

3-1
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Driver CRA
Set initial conditions

Compute total power sent over
N whisper-shout levels

Load ATCRBS whisper-shout arrays

Load aircraft deployment -file -IXNPUT

Time-independent algorithms:

Assign transponder characteristics -TRANSP R4

Load TOAS XI M file; set squitter
phase TRAT

Load WCAS II M file SOn PA

Estimate WCAS 11 M interference -PEE

limiting state

Compute WCAS I effects

Time-dependent algorithms:

Move aircraft; update track file-

Load antenna coupling array

Estimate fruit at each WCAS li-'M-

Schedule Mode S discrete- DSD
interrogations -TS'01T- FANN

Compute smoothed- parameters _L SO

Compute effects -of WCAS Mode- S DS
emissions

-Compute effects of WCAS ATCRBS -
whisper-shout emissions

Make interference Ismiting
adjustments

Compute and display variables-
of interest

Load files for rates to-be used
in DABS/ATC1RBS/AIMS PPM

N Figure 3-1. Tree diagram of the TCAS SEM.
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-1'ABIIH. 3-1

FORMAT-OF INPUT FLIX T) '[0TAS SM FORMWIz11Y I)ABS/ATCKBS/ AIMS PPM

Beginning
Column- Length Format Quantity

1- 10 110 Interrogation Rate due to
ground ATC (per second)

21 10 110 Suppression Rate due to
ground ATC (per second)

TABLE 3-2

FORMAT OF DEPLOYMENT- FILE

Beginning
Column Length Format Quantity

1 2 12 Latitude (Degrees)

3t 2- 12 Latitude (Minutes)

5 -2- 12 Latitude (Seconds)

7 1 Al Hemisphere -(N-S)
8 3 13 Longitude :(Degrees)

171 2 12 Longitude (Minutes)

13 2 12 Longitude (-Seconds)

1 5 - Al Hemisphere -(E-W)

19 8F8-.0 Altitude (feet msl)

36 4 A4 Type

41 6 F6.4 Westward Velocity (nmi/s)-:

48 6 F6.4 Northward Velocity (nmi/s)

55 8 F8.4 Upwa'.cl Velocity (ft/s)
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TIAI1 ,1I' 3-3

FORMAT OF OI!'i'IIT PIL.' (,-'NI:RA'VF) 13Y 'LT AS SIM 'it) I"N -:1,1) AS
-INPUT ) DARS/ArCRBS/AMS PIM

Beginning
Column -Length Format Quantity

11 15 115 Mode S Misaddresses

due to TCAS II M

26 15 115 Mode S Suppressions

due to WAS II M

41 15 115 Mode S Interrogations

due to WAS II M

561 15 115 ATCRBS Interrogations

due to, TCAS- II -M

71 15 I15 ATCRBS Suppressions

due to TCAS II M

86 10 F10.5 Mode S Addresses

due to WAS II M

98 10 F1063 WAS II M dead time

110 - 10 F10.3 WAS I Interrogations

to aircraft
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3.2.2 Internal Data Structure

In order to connect each segment of the WAS SEM, common blocks of data

were designated to-share information. The data dictionary in APPENDIX A

describes each common 'variable and its units.

3.3 MODEL SUBROUTINE DESCRIPTIONS

The-subroutines of the model- are described in PDL--form in this section,

in the order in which they appear on the tree diagram of Figure 3-1. The PDLs

are divided into Purpose, Inputs, Procedure,. Outputs, Variables of Interest,

and Process. This method of documentation provides a detailed description of

each subroutine in a form that-can be easily updated as modifications are made

to the:-model.
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3.3.1 Model Driver: CIRCWS

PURPOSE: To drive the TAS SHM:

1 . Set initial conditions and load aircraft files.

2. Calculate near time-jndependent effects of TCAS I (if desired) and

TCAS II M emissions.

3. Calculate time-dependent effects of TCAS I-I- M on the environment.

4. Record the results of the TCAS SEM on disk files to be used in the

DABS/ ATCRBS/ AIMS PPM.

INPUTS: ATC files--from'DABS/ATCRBS/AIMS PPM, and transponder deployment

information.

PROCEDURE: First, -all the subroutines that set up the initial conditions of

the simulation- (e.g., whisper-shout power levels, number of aircraft in-

the deployment, etc.) are called. Next, a simulation of 120 seconds of

the operation of the TCAS II M system is performed. During the

simulation, the Mode S =and ATCRBS interrogation and suppression- rates due

to TCAS II M interrogations is -computed- for all aircraft-in the-

environment, along with the mutual suppression rate of each TAS II M

receiver. At the end of the simulation, the average value of Mode S and

ATCRBS rates are computed and stored in external files to be used in

conjunction with the DABS/ATCRBS/AIMS PPM.

OUTPUTS: ATC files for use in DABS/ATCRBS/AIMS PPM.

VARIABLES OF INTEREST

Description Variable Name

Number of TCAS II M-equipped aircraft NUMTCA
Clock ITIME

TCAS II M-equipped aircraft of. interest II

TCAS II M transmission indicator LPLUS1

Print indicator PRINT
TCAS I analysis indicator Ti

3-6
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PROCHSS:

1. Read in user's options (print. option and WCAS I analysis option).

2. CALL INIT: -Set initial- conditions of all common block variables.

3. CALL ASPINT: Initialize array containing total- whisper-shout power

radiated.

4. CALL WSPOWE: Load whisper-shout power levels for WAS II M-equipped

aircraft.

5. CALL INPUT: Load aircraft deployment from the transponder deployment

file (usually the LA Basin Model) and interrogation and suppression

rates from the DABS/ATCRBS/AIMS PPMo

6. CALL TRANSP: Assign power and sensitivity for each transponder.

7. CALL TSTART: Set squitter phase for each TCAS II M-equipped aircraft

and a pointer file to locate TCAS II M-equipped aircraft in- the

aircraft characteristids file.

8. CALL LOAD: Compute heading of each TCAS II M; update MODE S track

file (i.e., load array containing power, range, and bearing

relationships between TCAS II M-equipped and all other aircraft

within 50 nmi); and compute the air traffic densities about each TCAS

II M, as well as the average density about all TCAS II M-equipped

aircraft.

9. CALL PRESET: Approximate interference-limiting effects on each

TCAS II M-equipped aircraft.

10. IF TAS I analysis desired, oTHfl

A. CALL TCAS1: Determine signal rates due to TCAS I ATCRBS

surveillance.

11. E IF

12o LOOP over 120-second time interval, in one-second steps.

A. CALL LOAD: At times 40, 80, and 120 seconds: update all

aircraft positions; update MODE S track file and compute the air

traffic densities about each TCAS II M-equipped, as well as the

average density about any given TCAS II M-equipped aircraft.

B. LOOP over all TCAS II M-equipped aircraft.

1. CALL ANTGAN: Compute antenna elevation patterns between

given TCAS ii M-equipped aircraft and all other aircraft

within 50 nmi of the WAS II K.
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2o IF time ecqualm -1, 20, 40, 60, 10, 100, or 120 sceconds, THN

a. CALhs I,'RIJTA: Compute the reply eoficitmcy of each

aircraft to the TCAS Ir M-equipped -aircraft and the

associated--frdit rate to that efficiency.

3. ED IF

4. CALL DISMOD: Schedule Mode S discrete interrogations.

5. CALL TCSMOT: Compute smooth (or average) TCAS II M

emission powers and interrogation rates over the last 16-

second interval.

6. IF TCAS II M transmitted Mode S interrogations THM

a. CALL DISINT: Compute Mode S effects from TCAS II M to

all other aircraft in range of the TCAS II M.

7. -ED IF

8. IF time equals 1, 40, 80, or 120 seconds, T

a. CALL ATMOD: Compute whisper-shout effects 6f

TCAS II Mon all other aircraft within range.

9. EDIF

10. IF time is greater than three seconds, TRN

a. CALL INTLI: Adjust TCAS II M characteristics to

satisfy interference-limiting inequalities.

11. Ul IF

12. CALL STATS: Compute average rates from all TCAS II M-

equipped aircraft to all 6ther aircraft.

C. EMD LOOP

13. END LOOP

14. CALL FILES: Load rate files for use in the DABS/ATCRBS/AIMS PPM.

15. End.

Called by: None.

Subroutines called: INIT, ASPINT, WSPOWE, INPUT, TRANSP, TSTART, LOAD,H PRESET, TCAS1 (optional), ANTGAN, FRUITA, DISMOD, TCSMOT, DISINT, ATMOD,

INTLI, STATS, FILES
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3.3.2 Subroutine: INIT

PURPOSE: To set initial values-of all common variables.

INPUTS: All common variables. (Refer to TCAS SEM Data Dictionary,

APPENDIX A.)

PROCEDURE: Set each common variable to its initial value.

OUTPUTS: Initial values for all common- variables.

Called by: CIRCAS

Subroutines called: None..4

3-9
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3.3.3 Subroutine: ASPIT

PURPOSE: To initialize the array containing the total power transmitted using

N whisper-shout levels.

INPUTS: None.

PROCEDURE: A loop is performed over all- whisper-shoutlevels. At each

level, the total power transmitted by the top (in the front, sides, and

back) and bottom antennas is computed and stored in the appropriate array.

OUTPUT: The array containing the sum of the whisper-shout -power levels for

N transmitted levels.

VARIABLES OF INTEREST

Description Variable Name

Total power radiated with N- levels ATSUMP

PROCESS:

1. Define 1 dB and 2 dB.

2. Define the minimum levels transmitted by the top and bottom antennas

- in watts.

3. Set total sum power = 0 when no whisper-shout levels are sent.

4. LOOP over all 83 priority levels.

A. Find the nuqber of whisper-shout levels sent on the top antenna

(front, right, left, and back lobes) and bottom antenna for a-

given priority level.

B. Compute the total power transmitted by the top and bottom

antennas, and store this value in the appropriate position in

the sum power array.
5. ND LOOP

6. Return.

Called by: CIRCAS

Subroutines called: None.
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3.3.4 Subroutine: WSPOWE

PURPOSE: To load the 83 levels of ATCIBS whisper-shout interroqation jx)wer

for the TCAS II M antennas and store them in arrays that correspond to the

location of the antennas.

INPUTS: Number of whisper-shout (w-s) levels for the top antennas (total of

79 levels) which are located at the front (24 levels), sides (20 levels

each side), and back (15 levels) of the aircraft and the number of levels

for the bottom antenna (4 levels). These levels were obtained from the

TCAS II M Minimum Operational Standards (MOPS) (Reference 5).

-PROCEDURE: The 79 whisper-shout levels that can be transmitted by the TCAS II M

top antenna (24 on the front, 20 on each side, and 15 on the back) and the 4

whisper-shout levels that can be transmitted by the bottom antenna are

computed and stored in the appropriate arrays.

OUTPUTS: Four arrays containing whisper-shout power levels by location of

antenna.

VARIABLES OF INTEREST

Description Variable Name

Whisper-shout levels of:

Top-front antenna IPOWF

Top-side antennas IPOWS

Top-back antenna IPOWB

Bottom antenna IPOWBO

PROCESS:

1. Initialize the peak power for the top-front antenna to 49 dBm.

2. LOOP over the 24 whisper-shout power levels of the front antenna

A. Calculate this power level by decreasing the peak power by 1 dB

per level (starting at 49 dBm and decreasing to 26 dBm).
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B. Calculate the total radiated power of the top-front antenna.

3. END LOOP

4. Initialize the peak power for the top-side antennas to 45 dBm.

5. LOOP over the 20 levels (each side) of the side antennas.

A. Calculate this power by decreasing. the peak power by 1 dB per

level (from 45 to 26 dBm).

B. Calculate the total radiated power of the side antennas.

6. END LOOP

7. Initialize the peak power for the top-rear antenna to 40 dBm.

8. LOOP over the 15 levels of the back antenna.

A. Calculate these levels by decreasing the peak power by 1 dB per

level (from 40 to 26 dBm).

B. Calculate the total radiated power of the back antenna.

9. END LOOP

10. Initialize the peak power for the bottom antenna to 36 dBm.

11. LOOP over the 4 levels of the bottom antenna.

A. Calculate these levels by decreasing the peak power by 2 dB per

level (from 36 to 30 dBm)..

B. Calculate the total radiated power of the bottom antenna.

12. END LOOP

13. Calculate the total combined radiated power of all the antennas.

14. Return.

Called by: CIRCAS

Subroutines called: None.
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3.3.5 SubroutiAne: ImPIfT

PURPOSE: Load the aircraft deployment array and 'the interrpgation and

suppression rate arrays, and determine the- number of each type of

aircraft.

INPUTS: Interrogation and suppression rates from the DABS/ATCRBS/AIMS PPM,

and aircraft characteristics data from the Los Angeles Basin model which

includes latitude (degrees, minutes, seconds), longitude (degrees,

minutes, seconds), altitude (feet mean sea level), type of aircraft,

longitudinal velocity (nautical miles per second, positive in the westerly

direction), latitudinal velocity (nautical miles per second, positive in

the northerly direction), and- vertical velocity (feet per second, positive

in the upward direction).

PROCEDURE: This subroutine reads interrogation and suppression rates and

loads the rate arrays. It also reads the aircraft deployment file and

loads the deployment array. During this process, the total number of

aircraft is counted, as well as the number of each of the three types of

aircraft (ATCRBS, Mode S, and WAS II M).

OUTPUTS: Interrogation and suppression rates, the total number of aircraft,

the number of each type of aircraft (ATCRBS, MODE S, and TCAS II M), and

the aircraft deployment file -which contains, for each aircraft, the

latitude (radians), longitude (radians), altitude (feet mean sea level),

type (ATCRBS, Mode S, or TCAS II M), westward velocity (nautical miles per

second), northward velocity (nautical miles per second), and upwaid

velocity (feet per second).
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VARIABLES OF INTEREST

Description Variable Name

Number of aircraft NAC

Number of ATCRBS-equipped aircraft IATCR

Number of Mode S-equipped aircraft IDAB

Number of WAS II M-equipped aircraft ITCA

Interrogation rates IADJIN

Suppression rates IADJSU

Aircraft deployment TJFILF

Percentage of deployment RATIO

PROCESS:

1. Set fraction of total deployment wanted (RATIO).

2. LOOP over all aircraft in model.

A. Read in the interrogation and- suppression rates from

DABS/ATCRBS/AIMS PPM and store them in appropriate arrays.

B. Read in the transponder deployment from the deployment file

(usually the LA Basin Model).

C. CALL RANN: Get a random number.

D. IF random number greater than or equal t6 RATIO, TEE

1. Eliminate this aircraft from deployment.

E. ELSE

1. CALL FASCFD: Convert aircraft type from ASCII to fieldata.

2. CALL CNVRT: Convert aircraft type from fieldata to integer

representation (0 indicates an ATCRBS transponder, 1

indicates Mode S, and 3 indicates TCAS II M).

3. Convert latitude and'longitude data from degrees, minutes,

and seconds to radians.

4. Determine whether the latitudes are north or south, and

whether the longitudes are east or west.

5. Load the position, type, and velocity in the aircraft

characteristics file.

6. Count the number of each type of aircraft.

7. Store the interrogation and suppression rates.
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V". i) IF

3 • I24D LOOP

4. Return.

Called by: CIRCAS

Subroutines called: CNVRT, RANN

System routines used: FASCFD
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3.3.6 Subroutine: (KVRT

PURPOSE: To determine the type of each aircrdft and convert it from

fieldata to integer form.

INPUTS: Aircraft type (in fieldata form).

PROCEDURE: The aircraft type is passed to this subroutine as fieldata. This

data is evaluated and an integer value that indicates whether the aircraft

is ATCRBS-, Mode S-, or TAS II M-equipped is assigned to the type

variable. This value is then passed back to the calling routine.

OUTPUTS: Aircraft type (in integer form).

VARIABLES OF INTEREST

Description Variable Name

Aircraft type ITYPE

PROCESS:

1. CASE the six most significant bits of aircraft type OF

A. 9: ITYPE = 1 (Mode S-equipped aircraft)

B. 7:25: ITYPE = 3 (TCAS II M-equipped aircraft)

C. Others: ITYPE = 0 (ATCRBS-equipped aircraft)

2. 12D CASE

3. Return.

Called by: INPUT

Subroutines called: None
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3.3.7 Subroutine: RAHN

PURPOSE: To generate a random number between zero and one.

INPUTS: None.

PROCEbURE: The first time this routine is performed, a large number is

assigned to the "seed," which is the variable that is used to produce the

random numbers. This seed is multiplied by an integer which is

sufficiently large tb cause an overflow of bits in the register holding

the seed. The random number is obtained by shifting the bits back down

such that the number is positive and no greater than one.

OUTPUTS: A random number having a value between zero and one.

VARIABLES OF INTEREST

Description Variable Name

Random number between zero and one RAN

PROCESS:

1. IF subroutine has not been run before T I

A., Set seed equal to ,a large integer value.

B. Set flag that indicates subroutine has been run.

2. END IF

3. Multiply seed by a large integer value.

4. Produce random number by dividing the absolute value of the seed by

(approximately) 2'5 , which corresponds to the largest integer value

the computer is capable of retaining.

5. Return.

Called by: INPUT, TRANSP, TSTART, DISMOD, TSQUIT

Subroutines called: None
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3.3.8 Subroutine: TRANSP

PURPOSE: To assign transmit power and receiver sensitivity characteristics

for each transponder.

INPUTS: Number of aircraft in model; nominal Mode S power and sensitivity,

and standard deviations from each; and nominal TCAS II M power and

sensitivity levels with corresponding standard deviations.

PROCEDURE: A normal distribution of random -numbers is generated and used to

assign the transmitter powers and receiver sensitivities of each Mode S

and TCAS II M aircraft in the environment. The transmitter power and

sensitivity for each ATCRBS aircraft is assigned using measured data

documented in Reference 9.

OUTPUTS: Transponder characteristic arrays: Transmission power levels for

each aircraft and receiver sensitivity for each aircraft.

VARIABLES OF INTEREST

Description Variable Name

Transmission power for each aircraft JTRANS

Sensitivities for each aircraft JSENS

PROCESS:

1. Set starting points for random number generator.

2. CALL RANDN: Set up array of pseudo-random numbers which follow a

normal distribution and are used to predict Mode S power levels

(nominal value is 27.0; standard deviation is 1.5).

3. CALL RANDN: Set up array of pseudo-random numbers which follow a

normal distribution and are used to predict TCAS II M power levels

(nominal value is 29.2; standard deviation is 0.5).

4. LOOP over all aircraft in model.

A. IF ATCRBS-equipped aircraft THEN

1. CALL RANN: Get a random number.
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2. lsno probabii ity distribution Ir1)1 A'I'-() to (ietermine

transmission power.

3. Store transmission power.

B. ELSE IF Mode S-equipped aircraft THEN

1. Calculate transmission power of Mode S-equipped aircraft

using number from normal distribution.

2. Store transmission power.

C. ELSE IF WAS II M-equipped aircraft THEN

1. Calculate transmission -power using number from normal

distribution.

2. Store the transmission power.

D. ED IF

5. ND LOOP

6. Set starting points for random number generator.

7. CALL RANDN: Set up array of psuedo-random numbers that follow a

normal distribution and are used to predict Mode S sensitivity

levels.

8. CALL RANDN: Set up array of psuedo-random numbers that follow a

normal distribution and are used to predict TCAS II.M sensitivity

levels.

9. LOOP over all aircraft

A. IF ATCRBS-equipped aircraft THI

1. CALL RANN: Get a random number.

2. Use probability distribution from ATC-9 to determine

sensitivity level.

3. Store the sensitivity.

B. ELSE IF Mode S-equipped aircraft TMW

1. Set sensitivity equal to number from normal distribution.

2. Store the sensitivity.

C. ELSE IF TCAS II M-eguipped aircraft THEN

1. Set sensitivity equal to number from normal distribution.

2. Store predicted value.

D. ND IF
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10. EM LOOP

11. Return.

Called by: CIRCAS

Subroutines called: RANN

System routines used.: RANDN
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3.3.9 Subroutine: TSTART

PURPOSE: To set up a pointer array that locates TCAS I[ M-equipped aircraft

in the aircraft deployment file, and to set the squitter phase for each

TCAS II M-equipped aircraft.

INPUTS: Aircraft deployment file.

PROCEDURE: A loop is performed dver all aircraft to determine and store the

number of TCAS II M-equipped aircraft and the pointer arrays used to

locate the WAS II M in the aircraft file.

OUTPUTS: Number of TCAS II M-equipped aircraft, TCAS II M pointer file, and

start time of each WAS II M squitter phase.

VARIABLES OF INTEREST

Description Variable Name

Number of WAS Ii M-equipped aircraft NUMTCA

WAS II M pointer array 1111

Squitter phase start time TCST

PROCESS:

1. LOOP over all aircraft.

A. IF WAS II M THM

1. Count the aircraft.

2. Store its location in the pointer file.

3. CALL RANN: Get a random number.

4. Calculate squitter phase start time using the random

number.

B. ED IF

2. mD LOOP

3. Return.
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Called by: CIRCAS

Subroutines called: RANN

i2
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3.3.10 Subroutine: LOAD

PURPOSE: At times 0, 40, 80, and 120 seconds: to update all aircraft

positions; to compute heading of each TAS II M (at time = 0 only); to

update Mode S track file; to load array containing power, range, and

bearing relationships between TCAS II M-equipped aircraft and victim

aircraft; and to compute the air traffic densities about each WAS II M,

as well as the average density about all TCAS II M-equipped aircraft.

INPUTS: Aircraft deployment file, number of WAS II M-equipped aircraft,

Mode S track file, TCAS II M pointer file, simulation time, and the number

of aircraft.

PROCEDURE: First, the velocity of each aircraft is used to update its

location in the environment. The following data is then calculated and

stored in the appropriate arrays: the relative position of other aircraft

to each TCAS II M, the aircraft that belong in the track file, the power

received by each WAS II M from other aircraft, and the local air traffic

densities within 5,. 10, and 30 nmi of each TCAS II M.

OUTPUTS: Updated aircraft deployment file, updated Mode S track file, updated

TCAS II M environmental array, and air traffic density about each TCAS II

M within 10 rni.

* VARIABLES OF INTEREST

Description Variable Name

Aircraft characteristics file TJFILE

WAS II M headings THETA

Track file ITRACK

TCAS II M environmental array ICASFI

Density about each TCAS II M DENS
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Number of WAS II M-equipped aircraft NUMTCA

Simulation time ITIME

WAS II M pointer file 1111

Number of aircraft NAC

PROCESS:

1. IF time does not equal zero THEN

A. Calculate the- new latitude by adding forty seconds times the

latitudinal velocity to the old latitude (x = xt_40 + 40Vx).

B. Calculate the new longitude by adding forty seconds times the

longitudinal -velocity to the old longitude (y = Yt-40 + 40 Vy).

C. Calculate the new altitude by adding forty seconds times the

upward velocity to the old altitude (z = zt_40 + 40 vz).

D. Store these new positions.

2. END IF

3. LOOP over all WAS II M-equipped aircraft'

A. Find the location of the WAS II M in the general aircraft

characteristics file.

B. Compute the heading of the aircraft by findlng the angle formed

by the velocity components (theta = arcsin (vy/(Vx2 + vy2)/2) ).

C. Adjust the angle to fit into the coordinate 'ystem where north

is at zero degrees, west is at 90,*south is at 180, and east is
at 270.

D. If the aircraft is heading eastward, subtract the adjusted angle

in 3.C from 3600. (The calculation in 3.C assumes westward

motion.)

E. Convert this angle to radians.

F. Zero out local aircraft counters.

G. Get the latitude (radians), longitude (radians), and altitude

(statute miles) of the TCAS II M-equipped aircraft.

H. LOOP over all aircraft

1. Get the victim aircraft's latitude (radians), longitude

(radians), and altitude (miles).
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2. CAmL IEAR: Compute the horizontal distance (miles) and

angle (radians) between TAS II M and victim aircraft.

3. Find the altitude difference %nmi) between the TCAS II M

and victim aircraft.

4. Find the slant range (straight-line distance) between the

two aircraft. ( (horizontal distance 2 + vertical

distance2) 1/2)

5. IF victim aircraft is TCAS II M- or Mode S-equipped THM

a. IF the two aircraft are within 50 nmi of each other

AND theii difference in altitude is less than

9000 feet

1. Add the victim aircraft to the track file if it

is not already there.

b. LS9

1. Remove the victim aircraft from the track file if

it is there.

o. END IF

6. DI IF

7. Determine tie free space power loss (Power loss = 37.80 +

201ogi0 (1030) + 201ogi0 slant range + 3.0 - 60.0 ) where

1030 is the interrogation frequency in MHz, the slant range

is in nautical miles, 3.0 is the transponder cable loss in

dB, 60.0 converts from kW to mW, and 37.80 is the constant

adjustment factor to account for units of MHz and nmi).

8. Compute aircraft densities around each TAS aircraft.

9. IF the two aircraft are separated by at least 50 nmi THE

a. Remove the victim aircraft from the TCAS II M

environmental array.

10. ESE

a. Increment appropriate local aircraft counters if the

victim is within 10 nmi of the TCAS LI M.
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b. Store the rebitivye riintle, beatrinq, and power, rind the

type of viethin aixrcraft in the IWAS I[ M environmental

fil~e.

11. END) IF

I. END LOOP

4. END) LOOP

5. Return.

Called by: CIRCAS

Subroutines called: BEAR
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3.3.11 Subroutine: BAR

PURPOSE: To calculate the horizontal distance and angle between the TCAS I

or TCAS II M aircraft of interest and the victim aircraft (see

Figure 3-2).

INPUTS: TCAS-equipped aircraft's latitude and longitude (in radians), the

victim aircraft's latitude and longitude (in radians,), and the radius of

the earth (in statute miles).

PROCEDURE: The two-dimensional locations (latitude and longitude) of two

aircraft are used to calculate the horizontal range and bearing relative

to North using a flat earth approximation.

OUTPUTS: The hcrizontal distance between the two aircraft (in statute miles).

and the bearing angle (measured from the north, in radians) between the

two aircraft.

VARIABLES OF INTEREST

Description Variable Name

Radius of the earth RADIUS

TCAS latitude TLAT

TdAS longitude TLON

Victim latitude RLAT

Victim longitude RLON

Distance between the two aircraft DIST

Bearing angle between the two aircraft BEARTX

PROCESS:

1. Calculate the difference in latitudes between the two aircraft.
2. Calculate the difference in longitudes between the two aircraft.

3. Calculate the longitude scaling factor (the cosine of the average of

the two latitudes).

4. Scale the difference in longitudes (multiply it by the scaling factor).
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BEARTX=-R -TAN- 1  -DA
2 ((DLONX LSF4)i

(TLAT, TLON)

1 DIST~ /DLA + (DLONLS F*)2

DLAT

MLON (RLAT, RLON)

*LSF =LONGITUDE SCALING FACTOR

Figure 3-2. Illustration-of bearing calculations.

3-28



DOT/FAA/PM-85/22 Section 3

5. Iind the straight line distance hetween the two aircraft (the

distance is the square root of the sum of the square of the

difference in latitudes plus the' square of the scaled difference in

longitudes).

s 6. IF the difference in longitudes is less than one thousandth of a

statute mile, THEN

A. Set the difference in longitude to one thousandth of a statute

mile to prevent division by zero in the bearing calculation.

7. END IF

8. Calculate the angle between the two aircraft (arctan (- difference in

latitudes / scaled difference in longitudes)).

9. Adjust the axis so that due north is the zero point.

10. IF the anqle is negative THEN

A. Add 27 to it to make it positive.

11. END IF

12. Return.

Called by: LOAD, TCAS1

Subroutines called: None
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3.3.12 Subroutine: PRF-SWT

PURPOSE: To estimate the interference-limiting state of each TCAS II M-

equipped aircraft.

INPUTS: Number of each type of aircraft, track file, TCAS II M environmental

array, aircraft deployment file, and transponder characteristic arrays.

PAOCEDURES: At the start of the simulation, the number of Mode S and

TCAS II M-equipped aircraft within 35, 30, and 7.16 nmi of each TCAS II M

aircraft are computed and used to estimate the number of aircraft in the

squitter, acquisition, and roll-call states. Empirical estimates on the

number of Mode S interrogations are made and used to preset the Mode S

sensitivity and power levels according to the interference-limiting

inequalities.

OUTPUTS: Adjusted transmission power and sensitivity levels for each

TCAS II M-equipped aircraft.

VARIABLES OF INTEREST

Description Variable Name

Number of:

WCAS II M-equipped aircraft NUMTCA, ITCA

Mode S-equipped aircraft IDAB

Track file ITRACK

TCAS II M environmental array. ICASFI

Aircraft deployment file TJFILE

Transmission power for each aircraft JTRANS

Adjusted transmission power for AMSP
TCAS II M

Sensitivity levels for each aircraft JSENS

Adjusted sensitivities for SESIT
TCAS II M-equipped aircraft
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PROCESS:

1. LOOP over all TCAS II M-equipped aircraft.

A. Reset squitter, acquisition, and roll-call target counters.

B. Get altitude of TCAS II M.

C. LOOP over all 500 tracks.

1. Get aircraft number.

2. If aircraft has been removed from file, go on to the next

"track.

3. Get aircraft type.

4. If ATCRBS-equipped aircraft, go on to the next track.

5. Get slant range (nmi) between TCAS II M and victim.

6. If slant range is over 35 nmi, go on to the next track.

7. Increment the squitter count by one.

8. If slant range is over 30 nmi, go on to the next track.

9. Get altitude of victim.

10. Find the difference in the altitudes of the two aircraft.

11. if the difference n the altitudes is over 9000 feet, go on

to the next track.

12. If the slant range is greater than 7.16 nmi, increment the

number in acquisition range.

13. If the slant range is less than or equal to 7.16 nmi,

increment the number in roll-call range.

Do END LOOP

E. Multiply the squitter count by the ratio of TCAS II M-equipped

aircraft to all the Mode S-equipped aircraft (all TCAS II M-

equipped aircraft are Mode S-equipped) to find the total number

of squitter targets.

F. DO WHILE inequality (2-1) is not satisfied AND no more than

seven adjustments have been made. (See Reference 6.)

1. Make power and sensitivity adjustment.

2. Compute interference-limiting equation.

G. ED WHILE

H. Set up new array of sensitivities with adjustment calculated

above.
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I. Set up new array of transmission power with above adjustment.

2. END LOOP

3. Return.

Called by: CIRCAS

Subroutines called: None.
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3.3.13 Subroutine: TCASI

PURPOSE: To determine the effects of deploying WAS T-equipped (all Mode S-

equipped aircraft are assumed to be TCAS I-equipped) aircraft in the

envirohment.

INPUTS: Aircraft deployment file, antenna patterns, and sensitivity levels.

PROCEDURE: For all aircraft in the environment, the received power from each

TCAS I aircraft is calcula'ted. If the received power is greater than the

receiver sensitivity, the number of TCAS I interrogations received is

incremented by one.

OUTPUTS: The expected number of TCAS I interrogations per second received

at each aircraft.

VARIABLES OF INTEREST

Description Variable Name

Aircraft deployment TJFILE

Antenna patterns:

Top (transmitting) ANTTOP

Bottom (transmitting) ANTBOT

Bottom (receiving) PASBOT

Top (receiving) PASTOP

Sensitivity levels JSENS

Expected number of TCAS I ATCRAT
interrogations per second ATCRAT

PROCESS:

1. LOOP over all aircraft, selecting only WAS I-equipped aircraft.

A. Get latitude, longitude, and altitude of WAS I.

B. LOOP over all aircraft.

1. Get latitude, longitude, and altitude of victim aircraft.

2. CALL BEAR: Get horizontal distance between two aircraft.
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3. Find the difference in altitudes (nmi).

4. Determine the angIle hetween the aircraft.

5. Using that angle, look up the antenna gains for top and

bottom antennas.

6. Determine total gain (add TAS I gain to victim gain).

7. Calculate free space power loss.

8. Using results from 1.R.6 and I.R.7, find received power.

9. IF received power is above sensitivity level of victim

(i.e., signal is detectable) THM

a. Count ohe interrogation at that aircraft.

10) DiM IF

C. ED LOOP

2. END LOOP

3. Return.

Called by: CIRCAS

Subroutines called: BEAR
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3.3.14 Subroutine: AMTGAN

PURPOSE: To store elevation antenna aitterns betweno 'IYAS II M-equipped

aircraft and victim aircraft.

INPUTS: Aircraft deployment file, TAS II M environmental file, TAS II M-

equipped pointer file, antenna gains, and TCAS II M-equipped aircraft
identity.

PROCEDURE: The antenna coupling between each TCAS II M aircraft and all other

aircraft is computed based on the elevation angle between the aircraft.

The value of the antenna coupling is stored in the aircraft deployment

file.

OUTPUTS: Aircraft deployment file.

VARIABLES OF INTEREST

Description Variable Name

Aircraft deployment file TJFILE

TCAS II M environmental file ICASFI

TCAS II M pointer file I111

Antenna patterns:

Top (transmitting) ANTTOP

Bottom (receiving) PASBOT

Bottom (transmitting) ANTBOT

Top (receiving) PASTOP

PROCESS:

1. Find the location of the TAS II M in the aircraft deployment- file.

2. Get the altitude of the TCAS II M.

3. LOOP over all aircraft.

A. Reset the gain column of the aircraft deployment file.

B. IF the aircraft is within 50 nmi of the TCAS II M TMEN

1. Get the aircraft's altitude.
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2. Get the slant range between the two.

3. Calculate the difference in their altitudes.

4. Calculate the horizontal distance between them.

5. Calculate the elevation angle between the two aircraft.

6. Look up the couplings at the calculated anqles and

interpolate to find a more exact approximation.

7. Store the couplings.

C. END IF

4. END LOOP

5. Return.

Called by: CIRCAS

Subroutines called: None.
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3.3.15 Subroutine: FRUITA

PURPOSE: To determine the fruit received at the WAS II M-equipped

aircraft. To compute the reply efficiency for each aircraft.

INPUTS: Interrogation and suppression rates for each aircraft, TCAS II M

environmental array, aircraft deploymemt file, TAS II M-equipped aircraft

identity, transmission power and sensitivities for each aircraft.

PROCEDURE: For all aircraft in the environment, the probability of reply is

calculated from the dead time caused by all incoming interrogations and

suppressions. The ATCRBS fruit rate due to a given aircraft is the

product of the received ATCRBS interrogation rate times the probability of

reply. The total fruit rate at each TCAS II M aircraft is found by

summing the fruit rates contribution from all aircraft within- range of the

TCAS II M aircraft.

OUTPUTS: Fruit seen by WAS II_ M, probability of reply for each aircraft.

VARIABLES OF INTEREST

Description Variable Name

Interrogation rate for each aircraft IADJIN

Suppression rate for each aircraft IADJSU

TCAS II M environmental array ICASFI

Aircraft deployment file TJFILE

Interrogation and suppression totals STAT
from previous second

Misaddressed totals from previous MIS
second

TCAS II M identity II

Transmission power for each aircraft JTRANS

Sensitivity level for each aircraft JSENS

Fruit level seen'by TCAS II M-equipped FRUIT
aircraft

Probability of reply for each aircraft PREP
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PROCESS:

1. IF at the beginning of a new search cycle THEN

A. LOOP over all aircraft.

I. Save misaddressed totals from'last second.

2. Save interrogation totals from last second.
3. Save suppression totals from last second.

B3. END LOOP

2. ED IF

3. Locate the TCAS II M aircraft in the list of aircraft.

4. Zero out fruit counter for the TCAS II M.

5. LOOP over all aircraft.

A. If victim aircraft is out of range of the TCAS I M, qo on to

the next aircraft.

B. Find the type of the victim aircraft.

C. Get number of interrogations victim received during the previous

second.

D,. Get suppressions of victim from -previous second.

E. IF ATCRBS-equipped aircraft THM

1. Set suppression time to 35 microseconds.

2. Set dead time due to interrogations to 60 microseconds.

F. ELSE

1. Set suppression time to 20- microseconds.

2. Set interrogation dead time to 24 microseconds.

G. END IF

H. Calculate the total dead time due to interrogations.

I. Calculate the total dead time due to ground ATC, TCAS II M

suppressions, and WAS II M misaddresses.

J. Sum the above to find the total dead time.

K. Estimate and store the probability of reply for that ajrcraft.

L. Compute antenna coupling between victim and TCAS II M-equipped

aircraft.

M. Get propagation loss between WAS II M-equipped aircraft and

victim aircraft from WAS II M environmental file.
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N. Add this power to the transmission power of the victim in dBm

plus a constant adjustment factor.

0. Make further adjustments if victim ,aircraft is WAS II M-

equipped.

P. Add this power to the gain to get total power.

Q. IF- total power is greater than the WAS II M-equipped aircraft's

sensitivity, THEN

1. Compute and store the fruit received at TCAS II M-equipped

aircraft from victim aircraft.

R. oD IF

6. EW LOOP

7. Return.

Called by: CIRCAS

Subroutines called: None.
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3.3.16 Subroutine: DISHOD

PURPOSE: To schedule Mode S discrete interrogations.

INPUTS: Adjusted WAS II M sensitivities, WAS II M environmental file, TCAS

II M identity, aircraft deployment file, fruit level seen by each TCAS 1I

M, adjusted WAS II M power levels, misaddresses, total interrogations

received by each aircraft, maximum interrogation failures allowed for each

scan of each acquisition trial, aircraft sensitivities, Mode S track file,

TAS II M pointer file, simulation time, and aircraft transmission powers.

PROCEDURE: Each aircraft in the track file of the WAS II M is examined and

its state is determined. Using statistical methods, this subroutine

schedules discrete Mode S interrogations and simulates the development of

target track states. The victim aircraft are moved from state to state as

necessary and the various timers are adjusted as necessary.

OUTPUTS: Mode S replies received at each TCAS II M-equipped aircraft, Mode S

addresses to each aircraft, Mode S interrogation counter, number of victim

aircraft in dormancy, acquisition counter, dormancy counter, roll call

counter, squitter state counter, null state counter, number of aircraft

TCAS II M has of interest in roll call, top or bottom antenna indicator,

victim aircraft identity, the number of TCAS II M transmissions, and the

Mode S track file.

VARIABLES OF INTEREST

Description Variable Name

Adjusted TCAS II M sensitivities SESIT

Interrogation rate at each WAS II M DRATE

TCAS II M environmental file ICASFI

'WCAS II M identifier II

Type of each aircraft IJFILE

Aircraft deployment file TJFILE
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Fruit level seen by each TCAS II M 1'HIJT'P

Adjusted TCAS II M power levels AMSP

Misaddresses MIS

Addresed rate to each aircraft DINTRT

Total number of interrogations UPRATE
received

Maximum interrogation rate in IROL
roll call

Maximum failed interrogations/scan

Trial 1 ITRILI

Trial 2 ITRIL2

Trial 3 ITRIL3

Trial 4 and above ITRIL4

Mode S interrogation rate count ACQSUM

Number of aircraft in dormancy state DORSUM

Acquisition counter MAQ

Dormancy counter MDOR

Roll caLl counter MROL

Squitter state counter MSQ

Null state counter NULL

Number of aircraft in roll call ROLSUM

Aircraft sensitivities JSENS

Indicates where WAS !I M transmitted ITOB

Victim aircraft K

TCAS II M transmissions LPLUS

Mode S track file ITRACK

TCAS II M pointer file I111

Elapsed time in simulation ITIME

Aircraft transmission powers JTRANS

PROCESS:

1. IF at the beginning of a search cycle THEN

A. Zero out counters fo£ roll call, dormancy, acquisition, and null

states, as well as the interrogation, suppression, and

misaddress counter arrays.
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2. NRD IF

3. Set the number of Mode S tracks to 500.

4. Zero out the interrogation counter at the TCAS II M.

5. Locate TCAS II M in aircraft characteristics file.

6. Find the altitude of the TCAS II M in statute miles.

7. Initialize the number of interrogations sent by WCAS II M to zero.

8. Initialize the number of other TCAS II M-equipped aircraft detected

by the given TCAS II M to zero.

9. LOOP over the 500 tracks.

A. Skip if there is no aircraft in this track.

B. Get identity of aircraft in track.

C. Determine the floating point and integer averages of the number

of interrogations received by the victim aircraft.

D. Find the difference between the floating point and integer

averages.

E. CALL RANN: Get a random number.

F. IF the random number is greater than the fractional portion of

the average THEN

1. Add one to the integer average.

G. EN DIF

H. IF the integer average is less than one THM

1. Set it equal to one.

I. ED IF

J. Find the altitude of the victim aircraft in statute miles.

K. Find the absolute difference in the altitudes of the two
aircraft.

L. Get the slant range between the two aircraft.

M. Find the victim aircraft type.

N. Skip the rest of this loop if victim is ATCRBS-equipped.

0. Get the received power at the victim aircraft from the TCAS II M

transmissions.

P. Find the interrogation power of the TCAS II M.

Q, Find the reply power of the victim.
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R. Determine the antenna gains of the TCAS II M-equipped aircraft

and the victim aircraft and sum them to find the total qain.

S. The total interrogation power is the quantity found in 9.P plus

the total gain.

T. The total reply power is the quantity found in 9.Q plus the

total gain.

U. IF the victim aircraft is TCAS II M equipped AND its reply power

is above the sensitivity of the TCAS II M TRE

1. CALL TSQUIT: Count the TCAS II M-equipped aircraft

detected by squitter and set the squitter start time.

V. ED IF

W. IF the fruit seen by the WAS II M-equipped aircraft is less

than 100 THEN

1. Set the fruit level to 100.

X. END IF

Y. Find the probability of clear reception of the victim aircraft's

reply signal by the TCAS II M-equipped aircraft using a curve-

fitting technique. (The probability of clear reception depends

on the received power and the fruit level seen by the TAS II

M. The curves were supplied by Lincoln Laboratory and are

sinusoidal in nature on the intervals under consideration.)

Z. Find the maximum relative velocity of the two aircraft.

AA. Find the Time to Endanger (TE = range/maximum relative

velocity).

BB. Set the decode indicator to zero (false).

CC. Get the trial, scan, clock, and state values from the Mode S

track file.

DD. IF the victim's reply power is below the WAS II M-equipped

aircraft's transponders instantaneous sensitivity THEN

1. Set the probability of decode to zero.

EE. END IF
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FF. IF the victim's reply power. is txelow the TWAS II M sensitivity

OR the victim is currently in the nulL state THEN

1. Set the number of squitters received equal to zero.

2. Increment the null state counter by one.

3. CALL RANN: Get a random number.

4. IF the random number is less than the probability of decode

AND the aircraft is in the null state THEN

a. Increment the number of received squitters by one.

5. D IF

6. IF the TCAS II M received one squitter from the victim THEN

a. Place the aircraft in the squitter state.

b. Set the timer to 16 seconds. (This is the time during

which a second squitter must be received in order for

the aircraft to be placed in a higher state).

7. ELSE

a. Place the aircraft in the null state.

b. Set the timer to zero.

c. Set the scan number to zero.

d. Set the trial to zero.

e. Set the acquisition correlating reply indicator equal

to zero.

8. END IF

GG. ELSE IF the aircraft is in the squitter state THEN

1. Decrement the timer by one.

2. Increment the squitter' state counter by one.

3. IF the sequence of scan has begun THEN

a. IF on the first scan THEN

1. Set the clock increment to 20.

b. ELSE IF on the second scan TMW

1. Set the clock increment to 16.

c. ELSE IF on the third scan THENI

1. Set the clock increment to 8.

d. ELSE IF on the fourth scan THEN

1, Set the clock increment to 4.
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fe • FLS1E

1. Set the clock incremont to 2.

f. ND IF

g. LOOP over the average number of TCAS II M

interrogations.

1. CALL RANN: Get a random number.

2. IF the random number is less than the probability

of decode TH1 D

a. Add the clock increment to the timer.

b. Set the decode indicator to one (true).

3. END IF

4. IF the clock has reached or exceeded zero THEN

a. Put the victim aircraft in the acquisition

state.

b. Set the scan indicator to zero.

c. Proceed to the next trial.

d. IF the trial number is greater than four 5

THEN

1. Set the trial to four.

e. D IF

f. Zero out the clock.

g. Store the clock, trial., scan, and state

values.

h. Return.

5. END IF

h. DND LOOP

i. CALL RANN: Get a random number.

j. IF the random number is less than the probability of

clear reply THEN

1. Add the clock increment to the timer.

k. ED IF

1. IF the timer has reached or exceeded zero THM

1. Put the victim aircraft in the acquisition state.

2. Set the scan indicator to zero.
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3. Procood 1.o Ihi next- I rill.

4. IF the t ral minhr .s kIrva ter than four TH1

a. Set the trial number to four.

5. ND IF

6. Zero out the clock.

m. ELSE IF the timer is less than or equal to -40 THM

1. Place the aircraft in the null state.

2. Set the trial and scan indicators to zero.

3. Zero out the clock.-

4. Set the acquisition reply indicator to zero.

n. EM IF

4. ELSE IF the timer is greater than or equal to - TIU

a. Set the number of squitters received to zero.

b. LOOP over one less than the average number of WAS II

M interrogations.

1. CALL RANN: Get a random number.

2. IF the random number is less than the probability

of decode THEN

a. Set the decode indicator to one (true),

b. Add one to the number of squitters received.

co END LOOP

3. E IF

c. ED LOOP

d. CALL RANN: Get a random number.

e. IF the random number is less than the probability of

clear reply THEN

1. Add one to the number of squitters received.

f. END IF

g. IF the number of squitters received is not equal to

zero THEN

1. IF a squitter has been correctly decoded AND the

altitudes of the two aircraft differ by more than

9000 feet THEN

a. Set the clock to 16 seconds.
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2. ELSE

a. Place the victim aircraft in the acquisition

state.

b. Increment the trial number if it is less

than four.

c. -Set the clock to zero.

3. END IF,

h. E IF

5. ELSE

a. Set the clock to zero.

b. Place the aircraft in the null state.

c. Set the trial and scan indicators to zero.

.d. Set the acquisition reply indicator to zero.

6. ED IF

HH. - ELSE IF the victim aircraft is in the acquisition state TH3I

1. Increment the scan indicator.

2-. Increment the acquisition counter.

3. IF all six scans of the trial sequence have been completed

THEN

a. Place the victim aircraft in the squitter state.

b. Set the scan back to zero.

c. Set the clock to zero.

d. Set the acquisition reply indicator to zero.

4. ELSE

a. Look up the number of failed interrogations allowed

during this scan.

b. IF the number of failed interrogations is not equal to

zero THEN

1. Set the correlating reply counter to zero.

2. DO WHILE the TCAS II M has received less than two

correlating replies AND the maximum number of

failures has not been exceeded.

a. CALL RANN: Get a random number between zero

and one.
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h. Increment the TCAS II M transmission counter

by one.

c. Determine from which TCAS II M antenna the

victim aircraft received the interrogation.

d. Add one to the Mode S interrogation rate

counter.

e. Increment the TAS II M interrogation rate

counter.

f. IF the interroqation power received by the

victim is greater than or equal to its

sensitivity THEN

1. Increment the Mode S address counter.

2. IF the random number is less than the

probability of the TCAS II M receiving

a correlating reply THM

a. Increment the correlating reply

counter.

3. END IF

4. IF the TAS II M has received two

correlating replies THEN

a. Set the scan and trial indicators

to zero.

b. Reset the acquisition reply

indicator.

c; IF the time to endanger is greater

than 43 seconds THEN

1. Place the victim aircraft in

the dormancy state.

2. Set the clock to the time to

endanger minus 43 seconds.

3. Increment the dormancy

counter.
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d. ILS.

1.: Place the victim aircraft in

the roll call state.

2. Set the clock to zero.

e. END IF

5. END IF

g. ED IF

4. END WHILE

5. IF the TCAS II M-equipped aircraft received one

and only one reply during the scan THEN

a. IF this was the final scan OR a reply was

received during a previous scan THEN

1. IF the time to endanger is greater than

43 seconds THEN

a. Set the trial, scan, and reply

indicators to zero.

b. Place the victim aircraft in the

dormancy state.

c. Set the clock to the time to

endanger minus 43 seconds.

d. Add one to the dormancy counter.

2. ELSE IF a reply was received during a

previous scan (but the time to endanger

is within 43 seconds) THEN

a. Place the aircraft in the roll

call state.

b. Set the clock to zero.

c. Set the scan, trial, and reply

indicators to zero.

3. END IF

b. ELSE (if this wasn't the final scan and no

other replies have been received)

1. Set the reply indicator to one.

c. D IF
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6. E IF

5. END IF

II. ELSE IF the victim aircraft is in the roll call state TFEN

1. Increment the scan indicator.

2. Increment the roll call counter.

3. IF all ten roll call scans have been completed THEN

a. Place the victim aircraft in the squitter state.

b. Set the clock to 16 seconds.

c. Set the trial, scan, and reply indicators to zero.

4. ELSE

a. Find the maximum number of interroqations allowed.

b. DO UNTIL a correlating reply is received.

1. CALL RANN: Get a random number.

2. Increment the WAS II M interrogation counter.

3. Determine the TCAS II M antenna from which the

victim received the interrogation.

4. Add one to the Mode S interrogation rate counter.

5. Add one to the roll call interrogation counter.

6. IF~the interrogation power the victim aircrft

received is above its sensitivity level THEN

a. Add one to the Mode S address counter.

b. IF the random number is below the

probability of a correlating reply THEN

1. Set the scan indicator to zero.

2. IF the time to endanger is greater than

40 seconds THEN

a. Place the aircraft in dormancy.

b. Increment the dormancy counter.

c. Set the clock to the time to

endanger minus 40 seconds.

3. END I?

co END IF

7. E D IF
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C. 04) UNTIl,

5. EMD IF

JJ. ELSE IF the victim aircraft is in the dormancy state THEH

1. Decrement the clock.

2. Increment the dormancy counter.

3. IF there is no time left on the clock TIM

a. Place the aircraft in the squitter state.

b. Set the clock to 16 seconds.

c. Set the trial, scan, and reply indicators to zero.

4. END IF

KK. END IF

LL. Store the clock, state, scan, trial, and reply information.

MM. Total the number of TCAS II M interrogations made.

10. END LOOP

11. Return.

Called by: CIRCAS

Subroutines called: RANN, TSQUIT

[4

3-51

URT'



DOT/FAA/PM-85/ 2 2  Section 3

3.3.17 Subroutine: TS.IT

PURPOSP: To count the number of TCAS II M-equipped aircraft detected by

squitters and to set the squitter phase.

INPUTS: TCAS II M identity, victim aircraft (also TCAS II M-equipped)

identity, number of TCAS II M-equipped aircraft, TCAS II M pointer file,

elapsed time in simulation, probability of reply for each aircraft, and

the TCAS II M squitter phase.

PROCEDURE: The number of TCAS II M aircraft that are detected by squitter

(NTADS) at each TCAS II M aircraft is incremented by one when the

received power of the squitter is greater than the receiver

sensitivity, the probability of reception of a pulse is sufficiently

high, and the TCAS II M aircraft is not currently in the squitter

file. The NTADS is decremented if the TCAS II M aircraft is in the

squitter file and the elapsed time since the reception of the last

squitter is greater than 20 seconds.

OUTPUTS: Number of TCAS II M-equipped victim aircraft detected, and the

squitter phase for the given TCAS II M.

VARIABLES OF INTEREST

Description Variable Name

TCAS II M identity II

Victim aircraft identity K

Number of TCAS II M detected NOW

Number of TAS II M-equipped aircraft NUMTCA

TCAS II M pointer file I111

Elapsed time in simulation ITIME
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Probability of reply for each aircraft PRI-

TCAS II M squitter phase TCHT

PROCESS:

1. Get the identity of the k-th TAS II M aircraft.

2. Initialize time of last squitter if necessary.
3. Get time of last received squitter from squitter file.

4. Compute elapsed time since last received squitter (At).

5. IF time=1 THEN

A. Add to the squitter all TCAS II M aircraft that are detected and

have a probability of reply greater than a random number.

B. Count the number of aircraft detected by squitter.

6. ELSE IF At>20 and k-th TCAS is in the squitter file, THEN

A. Decrement the number of TCAS detected by squitter by 1.

B. Delete k-th aircraft from the squitter file.

7. ELSE IF At = 0, 10, or 20 and'the k-th TCAS is not in the squitter

files, THEN

A. IF the received power is greater than the sensitivity, THEN

1. Increment the number of TCAS detected by squitter by 1.

2. Add k-th TCAS to squitter file.

B. END IF

8. END IF

9. RETURN

Called by: DISMOD

Subroutines called: RANN
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3.3.1 8 Subrouti ne : SHMOT

PURPOSE: To produce time-averaged values of the emission powers and

interrogation rates of all TCAS II M-equipped aircraft over a 16-second

smoothing period.

INPUTS: Total interrogations transmitted by each TCAS II M-equipped aircraft

during the past second, TCAS II M-equipped aircraft, adjusted TCAS II M

transmission power, TAS II M pointer file, simulation time, and

transmission powers of all aircraft.

PROCEDURE: For each TCAS II M aircraft,, the Mode S interrogation power and

interrrogation rates are stored for the previous 16 seconds of the

simulation. The average power and rates are calculated using the stored

values. If the simulation time is less than 16 seconds, the averages are

computed for the entire simulation time.

OUTPUTS: Smoothed emission power and interrogation rate.

VARIABLES OF INTEREST

Description Variable Name

TCAS II M identity ii

Total interrogations transmitted by DRATEeach TCAS II M

Adjusted TCAS II M transmission power AMSP

Smoothed emission power TIS

Smoothed interrogation rate TPS

TCAS II M pointer file I111

Elapsed time in simulation ITIME

Transmission power of each aircraft JTRANS

Values of all TCAS II M emission JTA
powers ard interrogation rates for
the past 16 seconds
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PROCESS:

1. Get location of TCAS II M-equipped aircr ft of interest in qeneral

aircraft file.
2. IF at the beginning of a new search cycle THEN

A. Determine which column of the array holding all values of the

interrogation rates and emission powers for the last sixteen

seconds will be replaced with the new values.

B. IF simulation time is at least sixteen seconds, THlI

1. Set smoothing period to sixteen seconds.

C. ELSE

1. Set smoothing period to simulation time.

D. D IF

3. END IF

4. Round the interrogation rate to the nearest integer and store the

rounded value in the array holding thu values from the last sixteen

V2 seconds.

5. Compute the power emitted by the TAS II M-equipped aircraft at its

last transmission and store this as an integer value in the array

holding the values from the last sixteen seconds.

6. Zero out the last smoothed values for this particular TAS II M.

7. LOOP over smoothing time interval.

A. Sum the interrogation rates divided by the length of the time

interval to produce the time-averaged rate.

B. Sum the emission powers divided by the length of the time

interval to produce the time-averaged rate.

8. END LOOP

9. Return.

Called by: CIRCAS

Subroutines called: None.
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3.3.19 Subroutine: DISINT

PURPOSE: To compute Mode S addressed and misaddcr.sft.l, rates at each aircraft.

INPUTS: Mode S interrogations transmitted by each TCAS II M-equipped

aircraft, the TCAS TI M-equipped aircraft identity, number of aircraft in

deployment, number of ATCRBS-equipped aircraft in deployment, adjusted

WAS II M emission power, transponder characteristic files, array that

indicates whether the TCAS II M transmitted on the top or bottom antenna,

the number of WAS II M transmissions, the number of WAS II M-equipped

aircraft, TCAS II M pointer file, and the simulation time.

PROCEDURE: For all aircraft within range of the WAS II M, the received power

* from each TCAS II M airctaft is calculated. A misaddress is counted if

the received power is above the victim sensitivity, and an addressed

interrogation is counted for each Mode S-equipped aircraft,

OUTPUTS: Mode S misaddresses and addresses to each aircraft, total

addresses each aircraft received during entire simulation, and total

addresses each aircraft received during previous search cycle.

VARIABLES OF INTEREST

Description Variable Name

Total interrogations transmitted by CBRATE
each aircraft

WAS II M identity II

Number of aircraft in deployment NAC

Number of ATCRBS-equipped aircraft IATCR

Adjusted TCAS II M emission power AMSP

Misaddresses at each aircraft MIS

Mode S interrogations transmitted DRATE

during previous search cycle

Total interrogations each aircraft UPRATE
received during entire simulation

Sensitivity levels of all aircraft JSENS
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Number of addressed interrogations ADRESS
received

Indicator of whether TCAS II M ITOB
transmitted on its top or bottom
antenna

Number of WAS II M transmissions LPLJS

Number of TCAS II M-equipped aircraft NUMTCA

WAS II M pointer file 1111

Simulation time ITIME

Transmission power for all aircraft JTRANS

PROCESS:

1. Get WAS II M identity.

2. LOOP over all aircraft.

A. Skip all aircraft not within range of WAS II M.

B. Get antenna couplings between TCAS II M-equipped and victim

aircraft.

C. Get victim aircraft type.

D. LOOP over all WAS II M transmissions

1. Determine which WAS II M antenna transmitted the

interrogation.

2. Determine on which antenna the victim aircraft received the

TCAS II M signal.

3. Sum the gains associated with the two antennas above to

determine the total gain.

4. Get the free space propagation loss from the WAS II M

environmental file.

5. Get the WAS II M transmission power in watts and

kilowatts.

6. Calculate the total power loss in dB and add it to the

total gain to determine the power received at the victim

aircraft.

7. If this power is greater than the victim sensitivity, count

a misaddress.

E. END LOOP
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3. END LOOP

4. IF at end of search cycle, THI

A. LOOP over all aircraft.

1) IF not ATCRBS-equipped aircraft THEN

a. Increment Mode S interrogation counter.

2. Di IF

3. Add new Mode S addresses to all past addresses to get total

for simulation.

4. Set address rate equal to interrogation counter.

5. Zero out interrogation counter.

B. END LOOP

5. ED IF

6. Return.

Called by: CIRCAS

Subroutines called: None.
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3.3.20 Subroutine: ATYX

PURPOSE: To determine the WAS I M whisper-shout interrogation rate at each

aircraft.

INPUTS: TCAS II M top antenna sum patterns, WAS II M top antenna

difference patterns, TCAS II M environmental file, antenna couplinqs

between WAS II M and victim aircraft, WAS II M identity, number of

aircraft in deployment, sensitivity level of all aircraft, TCAS II M

pointer file, TCAS II M interrogations to ATCRBS-equipped aircraft,

TCAS II M-produced ATCRBS suppressions, TAS II M interrogations to

Mode S, WAS II M-produced Mode S suppressions, simulation time,

transmission power levels of all aircraft, whisper-shout truncation, and

elevation antenna patterns for all five WAS II M antennas.

PROCEDURE: For each aircraft within 50 nmi of the given TAS II M, the

received power of each whisper-shout interroqation and suppression is

* computed. The number of suppressions received at the victim is

incremented whenever the received power is greater than the victim

receiver sensitivity, and the number of interrogations received is

incremented when the received power greater than the sensitivity and a

suppression did not occur.

OUTPUTS: TCAS II M interrogations to ATCRBS, WAS II M-produced ATCRBS

suppressions, TCAS II M interrogations to Mode S, TCAS II M-produced

Mode S suppressions.

VARIABLES OF INTEREST

Description Variable Name

TCAS II M top antenna sum patterns AZPAT

TCAS II M top antenna difference patterns DIFPAT

TCAS II M environmental file ICASFI

Antenna couplings beteen WAS II M- IJFILE
Mequipped and victim aircraft
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TCAS I M identity [[

Number of aircraft i d'ploymfnnt NAC

Sensitivity levels of alA. aircraft ,SIGNS

TCAS Ii M pointer file x111

TCAS II M interrogations to ATCRBS IATIN

TCAS II M-produced ATCRBS suppressions IATSU

TCAS II M interrogations to Mode S IDABN

TCAS II M-produced Mode A suppressions IDABS

Simulation time ITIME

Transmission power of all aircraft JTRANS

Whisper-shout truncation ILWS

Truncation sequence:

Back antenna IPRB

Bottom antenna IPRBO

Front antenna IPRF

Side antennas IPRS

PROCESS:

1. Get location of TCAS II M.

2. LOOP over all aircraft.

A. Skip if aircraft is out of TCAS II M range.

B. Find victim aircraft type.

C. Find relative bearing (in degrees) between two aircraft.

D. Get sensitivity of victim aircraft.

E. Get antenna couplings.

F. Find free space propagation loss between the two aircraft.

G. Get transmission power of TCAS II M in watts.

H. Find the total power without antenna gains (WAS II M

transmission power - free space propagation loss - cable

losses).

I. IF the received signal is undetectable (less than -84 dBm) TEM

1. ENDLOP

J. END IF

K. Find gain at victim antenna.
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L. Get integer d( is(Inat(! 90 degrt'e s ,ctor |)etwen CAS EI M and

victim.

M. LOOP over five T(AS I M antennas.

1. IF integer designating 90 degree sector being analyzed is

greater than 36 (360 degrees) THEN

a. Set it equal to 36 (360 degrees).

2. ELSE IF integer designating 90 degree sector being analyzed

is less than zero THEN

a. Add .36 (360 degrees) to it to make it positive.

3. ELSE IF integer designating 90 degree sector equals zero

THEN

a. Set it equal to one (10 degrees).

4. END IF

5. Get sum antenna pattern.

6. Get difference antenna pattern.

7. Move to next 90-degree sector if next antenna is not a

front antenna.

8. Set drop between whisper-shout emissions to 3 dB.

9. LOOP over all whisper-shout levels.

a. IF analyzing bottom antenna THEN

1, Get whisper-shout power from array IPRBOT.

b. ELSE IF analyzing top front antenna THEN

1. Get whisper-shout power from array IPRF.

c. ELSE IF analyzing right side antenna THEN

1. Get whisper-shout power from array IPRS.

d. ELSE IF analyzing rear antenna THEN

1. Get whisper-shout power from array IPRB.

e. ELSE (left side antenna)

1. Get whisper-shout power from array IPRS.

f. END IF

g. IF the amount of power cut in interference limiting

exceeds or equals the whisper-shout power for the

given aitenna THEN

1. END LOOP
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11. 1FND IF

i. Subtraict the level being analyzed from the total

number of levels to get the total attenuation.

j. Find the interrogation power by subtracting the

attenuation from the total power.

k. Find the suppression power iy subtracting the whisper-

shout power drop from the interrogation power.

1. If at the first level of the sequence, set the

suppression power to -100 dBm.

m. Decrement the whisper-shout power drop by one.

n. IF the whisper-shout power drop is less than one d8

THEN

1. Set the whisper-shout power drop equal to 3 dB.

o. END IF

p. IF the whisper-shout power drop is equal to 1 dB AND

the victim aircraft is ATCRBS-equipped M

1. Set the whisper-shout power drop to 3 dB.

q. END IF

r. Find the total antenna gain by adding the appropriat

rCAS II M gain to the victim aircraft gain.

s. Find the sum interrogation power by summing the TCAS

II M sum antenna gain, the interrogation power, and

the total antenna gain.

t. Sum the interrogation power, the TCAS II M difference

antenna pattern, and the total antenna gai, to find

the interrogation difference power.

u. Sum the suppression power, the sum antenna pattern,

and the total antenna gain to find the suppression sum

power.

v. Zero out the omnidirectional antenna's interrogation

power.

w. IF analyzing bottom front antenna THM

1. Set omnidirectional power equal to the sum of the

total power and the total antenna gain.
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2. IF at firql: 1,!vel of whi:i,:pr-shout THFN

'I. Subtra(ct 19 di froin the omnidirectional

powe r.

b. IF victim aircraft is an ATCRBS-equipped

aircraft THEN

1. Set omnidirectional suppression power

to -110 dBm.

C. ELSE

2. IF at first level of whisper-shout THEN

d. END IF

3. ELSE IF at second whisper-shout level THEN

a. Subtract 17 dB from omnidirectional

interrogation power.

b. Set omnidirectional suppression power 3 dB

lower than omnidirectional interrogation

power.

4. ELSE IF at third whisper-shout level THEN

a. Subtract 15 dB from omnidirectional

interrogation power.

b. Set omnidirectional suppression power 3 dB

lower than omnidirectional interrogation

power.

5. ELSE IF at last whisper-shout level THEN

a. Subtract 13 dB from omnidirectional

interrogation power.

b. Set omnidirectional suppression power 3 dB

lower than omnidirectional interrogation

power.

6. END IF

7. Set difference interrogation power, sum

interrogation power, and sum suppression power to

zero.
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8. IF omnidirectional suppression power is greater

than or equal to victim sensitivity THEN

a. Add a suppression at victim in Mode S

suppressions array if victim is Mode S- or

TCAS II M-equipped, or in ATCRBS

suppressions array if victim is ATCRBS-

equipped.

9. ELSE IF omnidirectional interrogation power is

greater than or equal to victim sensitivity THEN

a. Add an interrogation at the victim aircraft

to the ATCRBS interrogations array or the

Mode S/TCAS II M interrogations array,

depending on whether the victim is Mode

S/TCAS II M-equipped or ATCRBS-equipped.

10. END IF

x. ELSE

1. IF sum suppression power is greater than or equal

to victim sensitivity THEN

a. Add a suppresion at victim in Mode S

suppressions array if victim is Mode S- or

TCAS II M-equipped, or in ATCRBS

suppressions array if victim is ATCRBS-

equipped.

2. ELSE IF sum interrogation power is greater than

difference interrogation power AND sum

interrogation power is greater than or equal to

victim sensitivity THEN

a. Add an interrogation at the victim aircraft

to the ATCRBS interrogations array or the

Mode S/TCAS II M interrogations array,

depending on whether the victim is Mode

S/TCAS II M-equipped or ATCRBS-equipped.

3. END IF

y. END IF
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10. D LOOP

N. ED LOOP

3. END LOOP

4. Return.

Called by: CIRCAS

Subroutines called: None.

36
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3.3.21 "-lbrou t. i ne 1NM.I

PURPOSE: To adjust TCAS II M power and sensitivity as necessary to ensure

that the three interference limiting inequalities are satisfied.

INPUTS: Adjusted sensitivity levels of TCAS II M-equipped aircraft, WAS II M

identity, adjusted power levels of TCAS II M, sensitivity levels of all

aircraft, number of TCAS II M-equipped aircraft detected, smoothed

emission powers, smoothed interrogation rates, TCAS II M pointer file,

elapsed time, and transmission power of all aircraft.

PROCEDURE: Interference-limiting adjustments are made to satisfy the

following three inequalities:

I P(i) 280
£ < (2-1)

i=1 250 watts 1 + NTA

I
Z M(i) < 3.01 second (2-2)

i=1

K PA(k) 80

- - (2-3)

k=1 250 watts 1 + NTA

The symbols in the above equations were described in Section 2. Figure

3-2 illustrates the logic flow of the interference-limiting process.

OUTPUTS: Adjusted sensitivity level of WAS II M, adjusted power level of WAS

II M4, 16-second freeze counter, inequality (2-3) satisfaction indicator,

total ATCRBS power radiated, peak ATCRBS power, whisper-shout truncation,

and number of TCAS II M-equipped aircraft detected.
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VARIABLES OF INTEREST

Description Variable Name

Adjusted sensitivity levels of TCAS II M- SESIT
equipped aircraft

TCAS II M identity II

Adjusted power levels of TCAS II M AMSP

16-second freeze counter IRESET

Whisper-shout steps allowed for each NWSL

TCAS'II M

Peak ATCRBS power PMAX

Total ATCRBS- power radiated TPOW

Sensitivity levels of all aircraft JSENS

Number of TCAS II M-equipped aircraft NOW
detected

Smoothed emission powers TIS

Smoothed interrogation rates TPS

TAS II M pointer file I111

-Elapsed time ITIME

Transmission power of all aircraft JTRANS

Return Point Indicator IRETRN

-PROCESS:

1. Get identity of TCAS II M-equipped aircraft.

2. Decrement 16-second freeze counter.

3. Compute right-hand side of Equations 1 and 3 (RSEQ1, RSEQ3).

4. Eliminate whisper-shout (w-s) steps to satisfy Equation 3.

A. IF the sum of the power over all whisper-shout steps is greater

than RSEQ3, THEN

1. IF number of whisper-shout level (NWSL) = 0, THEN

a. Set return indicator to 0.

b. Return.

2. END IF
3. Remove 1 w-s level.

4. Go to step 5.
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B. D IF

5. Check 16-second freeze clock.

6. IF freeze clock > 0, THEN

1. Set return indicator to I

2. Return.

7. ELSE

A. Check Equations I and 2.

B. Compute total Mode S power transmitted.

C. Compute total w-s power transmitted.

D. Compute total Mode S + w-s power.

E. Compute total self-suppression deadtime.

F. IF Equation 1 and Equation 2 are satisfied, TH

1. IF Mode S range is greater than ATCRBS range, TFM

a. Check to see if all w-s levels are used.

b. Compute total w-s power radiated with 1 additional

w-s level.

c. IF Equation 3 is satisfied with new total w-s power,

1. IF Equations 1 and 2 are satisfied with one

additional w-s step, THM

a. Add 1 w-s level.

b. Go to Step 7.

2. ELSE

a. Set return indicator to 3.

b. Return.

3. DiDIF

d. D IF

2. ENDIF

3. IF Instantaneous Mode S power is less than maximum Mode S

power and instantaneous sensitivity is greater than minimum

sensitivity, TfM

a. Increase Mode S power by 1 dB.

b. Decrease sensitivity by 1 dB.

c. Reset freeze counter.
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'i. Set returnz indicator to 4.

e. Return.

4-. ELSE

a. Set return indicator to 5.

b,. Return.

5. ENDIF

G. ELSE

1. IF Mode S range is greater than ATCRBS range, 1113

a. Decrease Mode S power by 1 dB.

b. Increase sensitivity by 1 dB.

c. Reset freeze counter.

d. Set return indicator to 6.

e. Return.

2. ELSE

a. Delete 1 w-s level

b. Go to step 7.

3. END IF

H. OWDIF

8. BUD IF

9. Return

10. End

Called by: CIRCAS

Functions called: HIATPW
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3.3.22 FUNCTION HIATPW

PURPOSE: This function determines the highest whisper-shout power sent when a

total of N whisper-shout steps are transmitted.

INPUTS: Number of whisper-shout levels used.

PROCEDURE: The highest power transmitted over the top antenna in the front

lobe is determined using Figure 2-1 and the number of whisper-shout steps

transmitted by a given TCAS II M aircraft.

OUTPUT: Highest whisper-shout power transmitted.

VARIABLES OF INTEREST

-Description Variable Naie

Highest transmitted power HIATPW

Number of whisper-shout levels sent NWSL

'PROCESS;

1e Use of number of whisper-shout levels sent to find the highest

priority level sent.

2. IF the -highest priority sent > 79, T1

Find the highest power level sent on the tep anitenna.

3. ELSE

Find the highest power level (in- dBm) sent on the bottom

antenna.

4. EN IF

5. Convert the power level to watts.

6. Return.

Called by: INTLI

Subroutines called: None.
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3.3.23 Subroutine: STATS

,PURPOSE: To write out the TCAS II M parameters of interest after each -second.

Ii.;tUTS: All common variables of interest.

PROCEDURE: At the end of each second, the TCAS II M variables of interest are

written- for each TAS II M aircraft. The mean values of the variables of

interest are computed by averaging over all TCAS II M aircraft in the

environment.

OUTPUT: TCAS II M statistics.

VARIABLES OF INTEREST

Description Variable Name

Aircraft ID- 11

TCAS iI M ID II

Probability of Reply PREP

Number of fruit received FRUIT

'Number of TCAS II M detected by squitter NOW

Mode S interrogation rate DRATE

Number of Mode S acquisition interrogators ACQSUM

-Number of Mode S roll-call interrogators ROLSUM

-Number of Mode S misaddresses received MIS

,Number of aircraft in the track file NACTRIC

Number of aircraft in the null state NULL

-Number of aircraft in the squitter state MSQ

Number of aircraft in the acquisition
state MAQ

Number of aircraft in the roll-call state MROL

Number of aircraft in the dormant state MDOR

Number of whisper-shout steps sent NWSL

Total Mode S and ATCRBS power sent TPOW

Maximum Mode S power transmitted MAXMSP
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Mode S freeze counter IRESET

Interference limiting condition indicator IR'rRN

PROCESS:

1. IF First TCAS Il M-aircraft in file, THEN

a. Write heading.

b. Clear array containing averaged values.

,2. EID IF

3. Convert specific -real-valued variables to integer format.

4. Write out variables of interest.

5. Compute the sum of each variable of interest over all TICAS II M ;

aircraft.

6.' IF Last TCAS II M aircraft in file, THEN

a. Compute the average for the variables of interest.

b. Write the average value for the variables of interest.

7. D IF

8. Return.

Ca2lled- By: CIRCAS

Subroutines called: None.
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3.3.24 Subroutine: FILES

"PURPOSE: To create an output disk- file to be used as input data to the

DABS/ATCRBS/AIMS PPM which -will determine net effects of deploying TCAS

systems in the environment.

'INPUTS: Total interrogations received by each TCAS Il M, number of aircraft,

number of whisper-shout levels each TCAS II M-equipped aircraft uses, Mode

S addresses and misaddresses, 'ATCRBS and Mode S interrogations and

suppressions due to TCAS II M, and TCAS I interrogations at each aircraft.

PROCEDURE: In a loop over all WAS II M aircraft, the total amount of mutual

suppression time (due to -receiver turn-off during interrogations) is

calculated. The following quantities for each aircraft are output to a-

disk file: Mode S addresses and misaddLesses-, Mode S and ATCRBS

interroqations and*'uppressions due to TCAS II M emissions, TCAS I

interrogations, And TCAS II M mutual suppression time.

OUTPUTS: Mode S addresses and misaddresses, ATCRBS and Mode S interrogations

and suppressions due to TCAS- II M emissions, TCAS I interrogations, and-

total amount of WAS II M suppression time.

VARIABLES OF INTEREST

Description Variable Name

Total WAS II M suppression time AMTSUP

Mode S misaddresses MIS

Mode S addresses ADRESS

ATCRBS interrogations IATIN

ATCRBS suppressions IATSU

Mode S interrogations IDABN

Mode S suppressions IDABS

WAS I interrogations ATCRAT
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TotaL interrogations received by TCAS [I M DRATS

Number of aircraft NAC

Number of -whisper-shout levels used by NWSL

each TCAS II M

PROCESS:

1. Set TCAS II M counter to zero.

2. LOOP over all aircraft.

A. IF TCAS II M-equipped aircraft THEN

1. Increment TCAS II M counter.

2. Calculate total TCAS II M suppression time in microseconds using

above counter to locate correct TCAS II M in arrays

(Suppression time = 60.0 times the number of whisper-shout steps

TCAS II M is using + 100.0 times total interrogations received

by TCAS II M transponder).

B. ELSE

1. Set total TCAS II M suppression time to zero.

C. IDIF

D. Write the following quantities to output file: Mode S addres' es and

misaddresses, Mode S and ATCRBS interrogations and suppressions due

to WICAS II M emissions, TCAS I interrogations, and total TCAS II M

suppression time.

3. END LOOP

4. Return.

Called by: CIRCAS

Subroutines called: None.
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AI'I*I"NI)TX A

TCAS S.M -DATA I)CT'rXIONARY

The following data dictionary describes each common variable for

understanding the code.
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AIPI'IENI) Ii

TCAS SI'M IIS'L'ENG

The following is a compiled ASCII FORTRAN listing of the TAS SEM. The

program segments appear in alphabetical order.
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ANTGAN **

&FTN, S B.ANTGANANTGAN
FYN 11RI 02127/15-16:35(36,)

1. SUEROUTINE ANTGAN
2. C
3. C THE PURPOSE OF TMIS SUBROUTINE IS TO STORF ELEVATION ANTENNA PATTERNS
4. C BETWEEN TCAS AND VICTIM AIRCRAFT.
5. C
6. C 6*****ah**&aI*NPUTS I OUTPUTS ***&iih&*******

7. C COMMON BLOCKS I VARIAGLES%.
1. C INPUTS OUTPUTS DESCRIPTIONS
9. C

10. C ANTO I TCAS I M RECEIVING ANTENNA-PATTERNS:
11. -C I PASBOT BOTTOM ANTENNA
12. C I PASTOP TOP ANTENNA
13. C ANTT I TCAS TIM TRANSMITTING ANTENNA- PATTERNS:
14. C I ANTUOT BOTTOM ANTENNA
15. -C I ANTTOP TOP ANTENNA
16. -C CAS I ICASFI TCAS -I M ENVIRONMENTAL FILE
17. C I II TCAS II M IDENTITY
18. C IJFILE -ANTENNA PATTERNC BETWEEN TCASo IIZMIVTM
19. C T NAC NUMBER OF AIRCRAFT IN DEPLOYMENT
20l. lC TCOATA I IM -TCAS II M-POINTER FILE
21. C
22. INCLUDE RESTARTLIST
1.1 PARAMETER (NUAZR a 328)
2.1 -C-
3.1 C THE LOGICAL VARIABLE PRINT, -WHEN -FALSEP WILL SUPPRESS ALL NRITE
4.I C STATEMENTS IN THE MODEL.
5.1 C
-6.1- LOGICAL PRINT
7.1 DIMENSION TJFILE(NUAIRs8), IJFILE(NUAIR,8)* ICASFI(83,NUAIR.l)'
8.1 COMMON ITCOATAI I111(83), ODENS(83)-
9.1 ?- -IATIN(NUAIR)* IATSU(NUAIR), IDABN(NUAIR)o IDASS(NUAIR)
10.1 EQUIVALENCE (TJFILEoIJFILE) -

23. COMMONIANTTIANTTOPCI9),ANTBOT(19)
24. CONMON/ANTO/PASTOP(19),PASOT(19)-
25. PARAMETER CR20 a 57.296)- a CONVERTS ANGLES FROM RADIANS
26. C TO DEGREES
27. DEFINE FLO(IJfK) I BITS(KI+1J)
28. C
29. C HAVE A TCAS AIRCRAFT.
30. C31. IH 9 1111(11)

i 32. ALTI x TJFILE(IM,3)/6076.0 8 ALTITUDE OF TCAS AIC IN
33. C NAUTICAL MILES
34. 00 201 K391NAC a COMPUTE ANTENNA COUPLING
35. C (ELEVATION PATTERNS)

1 36. IF(IH.9Q.K)GO TO 201 1 OON'T 00 COUPLING CALCULATIONS
. 1 37. C OF A/C WITH ITSFLF

1 38. IF(ICASFICIIKl).EQ.O)GO TO 201 a SKIP IF AIC OUT OF RANGE
1 39. ALT2 z TJFILE(Ko3)/60?6.O 2 ALTITUDE OF VICTIM AIC
1 40. C IN NAUTICAL MILES
1 41. C = FLD(OOoO,ICASFI(IIKf1))I1O.i SLANT RANGE BETWEEN TCAS 1IM & VICTM
1 42. a = (ALTI -'ALT2) a DIFFERENCE IN ALTITUCES IN
1 43. C NAUTICAL MILES

1 44. DIST = SQRT(C*C - B*8) 2 HORIZONTAL DISTANCE 8ETAEEN A/C
1 45. ARG 6/0UST
1 46. THET = (ATAN(ARG))*P29 I VERTICAL ANGLE (DEGREES)
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ANTGAN'

1 4?. C SEPARATING-AIC
4c 48 -TRCTAl' AfiS((TME7+90m,)/1O)-

1 49. 17141 a THMA 4
so 50. - THETAZ a ASS((THET 900d1100 -OPT)NENACULNS

1 51. 1T42 aTHETA2 + I c~uiATNACULNS
1 5. D1 ANTTOP(ITHI) * CCTHiTAI4I) 8 TCAS 1114- TOP ANTENNA GAIN
1~' 53 ( -LATITHI))*(ANTIOPCITHi*1) - ANTTOP(1T4)

1 54. GM? a PASSOYCITH2) 4 -((TNETAZ*1) -1-VICTIN BOTTOM ANTENNA G AIN
1 55- ? - *PLOAT(ITH?))*,(PASSOTCITHZ*1)-'-- OASBOTCIT0Z))-
1 56.- GN3_ * ANTBOTCTTHI) + ((TI4ETAI*l) 9 ICAS 11W-STTON ANTENNA GAIN-
1 57-. -? FLOATAITHM))*AiTiOTC - 14 l) '- ANTSOT (ITH1) )
1 58. GN4 PASIOP(1T142i) (CTHETA?41)' 3A'VCTIN TOPA NTENNA GAIN-
1 59- - - FLOAT(ITIIZ))'(PASTOP(ITN2*1-) -PASTOPC1T42))

1 60. P *~~ PLC7 .CAP(U1 ) -8 TCAS It* POWER
61.- -C

11 62.- -C 'STORE -COUTPLINGS AS INTEGER ALUES. -TM! LISTEN FUNCTION# IFIN, SELOUM.
1 -63.- =C -CONVERTS THE FLOATING -POINT NUNSERS$ TO-1 INTEGERS -FOR *STORAGE.
1 64. -C7

F 5 LO(OO*Q9oIJFILE(K,8)) 10 IPXCGN 1*10.)
1 66- -FLD(C9plJFILECK,$)--- IFIXCGNZ*10.)
-1 6?. -FLO (I go-9,1JF iLE (Ko 6)vOIPI X (6N3*10.d
-1 -6s.- - L W2?09*IJILE(K*_l)- 39-IICG41.
1 _64- 201 CONTINUE

-7d.-RETURN
?I.- END

END-FTN 24? -IBAWNI6?_OSANK 31405,CONNON,

II
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,ASPINT

aFTNPS A.ASPIkToA.ASPLNT
FTN-1l1RIA 0513O185-13:14(4.)

1. SUBROUTNE ASPINT a AICRUS SUM POWER INITIALIZE
2.
3. * THIS- SUUROUTINE INITIALIZE THE ARRAY CONTAINING THE TOTAL RADIATE POWER
4. * FROM-N-U-S POWER LEVELS IN WATTS-
S. *

6. aaaaaaaaaaaaaaaa*aaa** INPUTS I -OUTPUTS ********* aa*** * aa
7. a
S. * COMMON BLOCKS* VARIABLES
9. a- INPUTS -OUTPUTS DESCRIPTION

10.
11. a ILMS I- -ATSUMP TOTAL RAOIATEO-FROM N-W-S LEVELS
12. *-

13. INCLUDE ILMS,
14.
15. 1EFINE SUN(N) u CONEOS**N - I1)j(ONEOd -1)
16. -DEFINE 'tUMB(N) u(T'WOOS~iN - -1ITWOOB -1)17. a

14. ONEDB-a l1.kk(.1) a DEFINE 1 0
19. TWOOB- 10.**(.2) a DEFINE 2-0:
20. -PTOPLO - 10.**(( 26. -30.)110.) a 26 05M -30 gS TO-GET WATTS
21. PBOTLO - 10.'(( 30. -30.)0110 ) a 30 DAN -30 -D TO-GET WATTS
22. -AfSUNP(O)- x O.

24. -LOOP OVER ALL 83,W-S-LEVELS_
25. *
26. =00 10 1PR141,83
2?. a
28. -DETERMINE I OF U-S LEVEL SENT ON THE TOP (FRONTs 2-SIOES# AND BACK)
29., * ANO BOTTOM ANTENNAS
30. a

1 31. -IF( IPRI *LE. 63) THEN
2 32. NFRNT 24 - (IPRI +2)14
2 33. NASIUE 2 20 - (IPRI-' *I)A4
2 34. NLStOE a 20 - (CIRIM
2 35. NBACK a 15 - (IPRI - 1)14
2 36. -NOOT a 4

2 37. ELSE -IF( IPRI .LE. 75) THEN
2 3d. NFRNT a 29 - (IPRI * 1)/3
2 39. NRSiLE = 25 - (IPRI)13
2 40o NLSIOE a 25 - (IPRI -- 1)13
2 41. -NBACK- a 0
2 42. NOT a 4
1 43. -ELSE IFC -IPRI *LE. 80) THE%
2 44. NFRNT a 80-- IPRI
2 45. NRSIDE z 0
2 46. NLSIOE a 0
2 4?. NbACK 0 0
2 48. NSOT a 4
2 49. ELSE

50. NFRNT x 0
2 51. NRSIOE u 0
2 52. NLSIOE a 0
2 . NBACK = 0
2 54. NHOT a 84 -IPRI
2 55. END IF
2 56.
2 57. a COMPUTE ATSUMP IN WATTS USING THE PROPERTIES OF A GEONETERIC PROG
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I sv. ATSU14PC%-IPIL) PTOPLd'( SUM(NFRNT) + SUM(NNSZOE)
1 60. 2 SUM(NL~l1OE) +SUA(NhACK) Y + PBOTLo.( SUMB(MSOT)-)

1 2. 10 -CONTiNUt
63. RETURN
64. LNO

END0 FTN 1?7 iaANK 47 OBAtdK 335 COMNON

ON106P *0 ANTGAN

B-5
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ATMUO

o.PPS A.ATMO.ATHCJO

F~ 1 1.A 51 18 WOUIINEX 'ATMOD

2. C
3. c THIS SUBROUTINE DETERMINES TH4E EFFECTS OF TCAS WHISPER SHOUT

'. C INTEARGATION AT ALL AIRCRAFT.
S. C
6. C *hh**&hb INPUTS I OUTPUTS I~I~**.I&**I*h****
7. C
a. C COMMON GLOCkS I VARIAbLES
9. C INPUTS OUTPUTS DESCRIPTION

10. C
11. C ANTENN I AZPAT SUN-PATTERNS OF YCAS, It K TOP ANTENNAS
12. C- OZFPAT DIFFERENCE PATTERNS OF TCAS It 9-110TTOR
13. C ANTENNAS
1'. C CAS- I ICASFI YCAS 11 N ENVIRONMENTAL FILE
15. C 11 TCAS It M IDENTITY
16- C IJFtLE ANTENNA COUPLINGS BETWEEN ICAS AND VCTM
17. -C MAC NUM8ER OF ATOC RAFT IN DEPLOYMENT-
18.- C SENS- I JSENS SENSITIVITY LEVEL OF ALL AIRCRAFT
19. C TCDATA 1 1111 TCAS-It M POINTER
20. C LATIN- IATIN- TCASII M INTERROGATIONS TO ATCRBS
Z1. C 14TSU 1ATSU- TCAS--II M-PROOUCEO ATCRSS SUPPRESSIONS
Z2. C IOARN- LOA81 TCAS-=II M INTERROGATIONS TO MODE-5
23- C DB IDASS1*8 TCAS- 11 H-PRODUCE0 NODE S SUPPRESSIONS
24. C TEMP 1 ITIME ELAPSED TIME
25.- C TRAXM I JIRANS TRANSMISSION= POWER LEVELS Of ALL-A/C
26. C ILMS_ I NWSL 0 OF-W5S LEVELS SENT
27. C WSHOUT I IP~d- ANTENNA PATTEANSt BACK ANTENNA-
28. C IPRaOz BOTTOM ANTENNA
29. C IPRF FRONT- ANTENNA-
SO. C IPAS SIDE ANTENNAS-
31. C

*1**32- C
53.- INCLUDE RESTART*LIST-
1.-I -PARAMETER- (NUAZE - 743)
2.1 C
3.1 C THE -LOGICAL VARIABLE PRINT.- WHEN FALSE, WILL SUPPRESS ALL WRITE
4.1 -C STATEMENTS- IN THE MODEL.
5.1 -C
6.1 LOGICAL POrSMIO.PINTLIPTCSMT,-PATMODPoISINPFILES.PFRUIT.PSTATS
7.1 COMMON /PRT3LI POISMOPPNTLIsPTCSMTgPATMO0.PDISINgPFILES*PFRUIT.
'1.1 2 PSTATS
9.1
10.1 DIMENSION -IJILE(NUAIRod)v IAFILE(NUAIRP&)f ICASFI(S3*NUAINP1)
11.1 COMON ITCOATAI 1111C(33)o 0EN5C83)o
12.1 ? -IATINCNUAIR)* IATSUCNUAIR)o IOASN(NUAIR)o IDABSCNUAIR)
13.1 EQUIVALENCE CTJFILEPTJFILE)
14.1 COMMON ICASI iCASFI; TJFILEP MAC* LIP PRINT
34. INCLUDE ANTENNILIST
1.1 COMMON IANTENN/ AZPATC36)* DIFPAT(36)

15. INCLUDE 1Li45,LIST
1.1 COMMON /ILMS/ NWSL(*3)P AMSP(83)v INESET(83)p ATSUMP(O:83)o
2.1 2 IRETRto TPOW

36. INCLUDE WSHOUT.'LIST-
1.1 CaMMON IW~tIOUTI IPRF(24)p IPRS(4O)* IPRB(15)o IPRSOT(4),
Z.1 1 IPOWFC2'.)p IPOWS(41)o IPOWB(1S)f IPOW&OCA)

37. INCLUOE TkMPoLIST
1.1 COMMON /TEMPI ITIHE

B-6
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38. INCLUOr 1IkAK,LIST

1.1 CUMNON ITRlAjc JTIIANS(NUAIR)
sy. INCLUDE SFN4~,LIST
1.1 CONIMQN /SENS/ JStNS(NUAIR)

40. INTE(*ER SA
41. DIMENSION NUM(S)
42. DEFINE FLO (IJK) I SITS(K, I + It J)
43. DATA (NUN(Ioa a 1* 5) 14o 24. 20* 15, 201
44. C
45. Sh - I111(1!)
46. 00 200 IJ a lINAC

1 47. IF (ICASFIZIIvIJ,1).EQ.O) GO TO 200 a SKIP IF A/C IS OUT OF RANGE
I 4A4. ATIP a FLO(34#2vICASFI(IIvtIJ,1)
1 49. C
1 50. C SR IS RELATIVE BEARING BETWEEN ICAS It N AND VICTIM AIRCRAFT
1 51. C THE FACTOR OF 57.296 CONVERTS THE ANGLE FROM RAO14NS TO DEGREES.
1 52. 84 a (FLOC ,9,6.ICAsFI(IIIJ.1))140d)*57.296

1 53. SEN-a JSENSCIJ) a SENSITIVITy OF VICTIM A/C
1 54. C
1- 55. C ANTENNA COUPLINGS (ELEVATION PATTERN)
1 56. IGNI a (FLO(00,09,IJFI.ECIJ,8))a(2.*27))
1 57. 10141 u XGNI/(2hi2?)
1 513. IGN2 = (FLDC909,IJFILE(IJB))CZA*27))
1 59. ION? a IGN21(Z*627)
1 60. IGN3 u (FLO(16,09,IJFILE(IJ,8))*(2a*2i))
1 al. IGN3.a IGN3I(2**27)
1 o2. IGN4 a (FLD(27.09.ILJFILE(IJB))hC2..Z7))
1 6S. IGN4 a GN4J(2.27)
1 84. GN1 - FL.OAT(IGNM)/1.M.7*4.O-4.1 a ADJUSTMENT OF TCAS TOP ANTENNA-
1 as. 0142 a FLOAT(IGNM)/1.
1 66. GN3 a FLOAT(IGN3)JlO.*4.?6.0-4.1 a ADJUSTMENT OF TCAS BOTTOM-ANTENNA
1 67. GM4 aFLOAT(IGN4) 1 10.
1 as. IPOW mi FLD(I?*I0*ICASFICtI#,tI,)) 8 FREE SPACE POWER BETWEEN-TCAS TIN-

1 9. C AND VICTIM AIRCRAFT.
1 70. POW a IPOW

1 -71. ATRANS a JTRANS(SA)I1 000 000.
1 72. C ADJUSTED POWER:
1 73. POW a -(POW/b.&) + 1D.*ALOGIOCATRtANS) - 2.796 - 3.0
1 74. IF (PoW.LT.-a4.) Go TO ZOO
1 75. GV uGNZ

=1 76. IF C(GN4.6T.GN2)6.AND.(KT1P.NE.O)) GY G N4
1 77. MSEC z tNTYCAR 1 10. + 0.5) + I a INTEGER OF SECTOR DEFINED -BETWEEN

1 74. C TCAS 11 N AND VICTIM AIRCRAFT.
1 79. 00 1007 AP a 1* 5 d DEFINES 90 DEGREE CUTS:
1 80. C KP w I IS BOTTOM FRONT ANTENNA
1 61. C 2 IS TOP FRONT ANTENNA
1 82. C 3 IS RIGHT SIDE
-1 63. C 4 IS BACK
1 84. C 5 IS LEFT SIDE
2 85. IF (MSEC.GT.36) NSEC x 36
2 86. IF (NSEC.LT.0) NSECA NSEC + 36
2 87. IF (NSEC.EQ.0) MSEC z1
2 114. SHIFT a AZPAT(MSEC) a SUM PATUiRN - GIVEN SECTOR.
2 -~.DIFIFT -DIFPATCMSEC) a DIFFERENCE PATTERN - GIVEN SECTOP
2 90. IF (KP.NE.1) MSEC a NSEC - 9 a MOVE 90 DEGREE SECTOR.
2 i.ISKIP 2 3 a 3 DB FOR W-S SEQUENCE.
2 00 D 111 IATT x It NUNCAP)
1 93. IF (KP.EQ.1) THEN
4 04. '1-'IMAXs -IPR8OT (IATT)

B-7
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ATMOO

4 vs. ELSE. IF CKP.E%1.) THN

4 9?. ELSL IF (K'E3 NhEW

Va'd. -tMAX i'tPRS (tATT&6J)
A, 99. ELSE IF- CKPCQ.4WTAEN
4 103. IMAX t P88 CIATW)
4 101. ELSE
4 102. IMAX aIPRS CIATT*2 1)
4 103. ENO IF -

4 104. C
4 105. C CHECK TO SEE IF NUMBER OF LEVELS CUT EXCEEDS PRIORITY LEVEL:

3 106. T~~~F"(IMAX VL. ~ ULI) O1 1
3 1070 A ITTNI 1i 24-- KIATT'&0A ATTENTUATION.
3 108. PORI'li POV- ATtiNI a fiTERi6WAibO ka0WR.
S 109. ro PmUS _oUUI-t-llSiIP i SUPESINP i
3 110. IF (TATT-9.8O.),PikSTa -100. a XS~N.~PRSW IS MADE
3 111'. C AtA LOWER POWERf -LEVEL
S 112. ISKIP I- SKIP s- 1 a S lowR S~Nobi coUTR
1 113. If rKP.tT1 ISKIP a3 -

3 114. 1F0 IKP lJ~O(TPE.) ISKIP a3
115I. dhCOP0SVGNV*GVA"'"r_ "" ANTEN COUPLINGS BETWEEN

1 116. £FL (KP.IQ-0) 4NCOUP --GNS.GV A T ,CSAAND"VC~iW-AIRCRAFT
3 11?. SAPimt ~PR4hIr*~CIPaINftEOGATiONSU~tPOiii'"
3 114. OFPWRL 'Pkfgt i O TT49d P a WNEkidGtiON~ 0D0IFFEEN POWER
3 119. SMPWRS aPNR *itt ~ NCU

3 120. diR r1*S~RSiOSNPW
121. IF( KP " 46-1) THEN,

4 12z. ONPWR2POW'K GNCOUP a INTERROGATIONS ON OMNI.
4 125. rptATTr.o hig E IaDUTI

6 126. CAoi O 8 dPORV,.1O
6 126. ES

6 12S. IOMP RS !, -10
6 129.
5 ISO. EL~e~f-'4 (1TT EQ.Z)1HEk

5 1312. OMP'WAfT -9 O;PgqR -1

5 1 H4. 'j m i1

5 is$. OAqPVO -a OWR! 3.0
5 139. ENO-'F' *1 , , - -
4 140. OFPWI * 0. ~
4 14l'. &MPUR't de0
4 142. SPISz0.
4 143. C-
4 144. - IF (PATMO)
4 145. 1 19RITE(&r,999) IJSR,-KPgNSECOHPWRtONPWRSSEN
4 146. 999 FOOMMS(' ATAO6: FMTr999 'Y XF1"Y'2IS K.(FO35)
4 14?,. ' * aC ifSPRSIS

147. it IAa'(tj)- fiYOAscI) + 1
6 150. E LS# E' '"4" -';
6 151. "'i~ATSU(IJ).9 IATSU(IJ) + 1
6 152. END IF
S 163. ELSE IF COMPWRI.GE.SEN) THEN

B-8
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AT MOU

1)4 IF (KrYP ELQ.O) TNEN a COUNT INTERROGATIONS
145:', IATINCIJ) a IATIN(IJ) +'I

o 156. ELSE
6 IV?. IOA5N(tJ) it IOA!VIJ) + I
6 154. E~ND IF
5 119. END IF
4 loo. ELSE
4 10t. IF CPATMOD)
I. 161. 1 WRITE (6*998) I,bA.kPNSECSMPNRIuSMPWRS.SENvOFPWRI
4 M.~. 991 FORMATV PMT 998 ,I1-3,ZKF1O.SSX.Z(ZS,5X),4(F1O.3o5X))
4 164. IF (SMPiiRS.GE.SEN) THEN a COUNT SUM SUPPRESSIONS
5 165. IF (KTVP.EQ.O) THN
6 166. tATSU(IJ) ag ZATSUCIJ) + 1
6 16?. ELSE
& 168. IOAaSCIj) a IOABS(Ij) + 1
6 169. ENO IF
5 170. iLSE IF ((SNPWdI.T.DFPWRI).AND.(SNPWRI.G@E.SEN)) THEN
5 171. C CVINT SUN INTERROGATIONS-
5 172. IF -CKTYP.NE.O)'-THEN
6 173. IOABNCIJ)',a IOASN(IJ) + I
6 -1?'4. ELSE
6 175. ZATLN(IJ) a IATIN(IJ) * 1
6 -176. END iF-
5 17?1. 'END IF
4 178. END 10
3 179. 111 CONTINUE
2 180. 100? CONTINUE
2 -1.31.II I$2. ITOT s IATSU(IJ) + IDABS(Ij) + IOABNCIJ) + IATINCIJ)
I til3 C IF( ITOT GT~. O)NRIT&C6,16)1I.IJ',IATSUCIJ),KOABSCZJ),IDAIN(IJ)
I I8.: C 2 ,IATINCtJ)
1 -185. 16 FORMAT( ATMOD: II:-IJAtSUzODAiDA&N ATIN 0,615)

1 -18?. 200 CONTINUE
1 1 ds. a

189. RETURN
190. a
-191. C DEBUG INITCIATSU,-IOASSZABNIATIN)
192. ENO

ENO FTN 591 IAANK 197 ODANK 72823 COMMON

allOGoP a. BEAR a

B-
Ir
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&EAR

8FTN,S S.SEARPBEAR
FYN 1131 022?1785-16:35(19#)

1. SUBROUTINE $EAR
2o C
3. C_ CALCULATES HIORIZONTAL DISTANCE IN NMI AND ANGLE IN RADIANS BETWEEN iCAS
4. C ANID ViCTIM AIRCRAFT.
S. C
6. CONN/SSSEAR/TLATTLDNRLATRLONoISTBEARTX
7. C
8. C RADIUS OF THE EARTH--IN NMI:
9. RADIUS * 3441.0

10. C
11. C DIFFERENCE IN LATITUDES AND LONGITUDES OF TWO AIRCRAFT IN RADIANS:
12. OLAT m TLAT- RLAT
13. BLON a LON - RION
14. C
15. C COSINE OF THE AVERAGE LATITUDE~- -SCALING -FACTOR FOR--LONGITUDE)-
16. CS a-COS C0.5*(RtLAT + TLAT))
17. C
18. C SCALED DIFFERENCE IN LONGITUDES':
19. GLON a-DION&CS
200 C
21. C D 'ISTANCE IBETWEEN TWO AIRCRAFT1 IN M!CALCULATED USING THE PYTHAGOREAN
22. C THEOREM:
23. - 0ST--3-RADIUS !* SORT(bLAT*DLAT * OLOIN*DLON)
24. C
25. C CHECK DIFFERENCE IN-LONGITUDES TO-PROVENT 'DIVISION BY ZERO IN THE
26o C SEARING CALCULATION:-
2?. IF C ASDLON*RADIUS) .LT- 0.001V OLON a O.0011RADIUS
25. C
29. C CALCULATE -THE ANGLE SETWEEN THE TWO AIRCRAFT:
30. SEARTX -AlTAN (-OLATIDLON)
31. C
32. -C ADJUST THE- AXIS:
33o SEART- a -BEARTX + 1.5707964
34. C
35. C MAKE SURE -THAT THE ANGLE IS GIVEN AS A POSITIVE VALUE:
36. IF (OLON.LE.0.0) SEARTX a SEARTX + 3.1415927
37. C*133. RETURN-
390 END

END FTN 83 ISANK 35 OSANK 6 COMMON

B- 10
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6* CIRCAS &I

aFTNoS A.CIRCAS*A.CLRCAS

PIN 11R1. C.315IS10o

2. C THIS M0DULt IS THE DRIVER FOV THE TCAS SIGNAL ENVIRONMENT MODEL. IT
3. C SPECIFICALLY ACCESSES SUbROUTINES THAT:
4. C 1. LOAD AIRCRAFT FILES

0 . C 2. SET TRANSPONDER CHARACTERISTICS
6. C 3. SCHEDULE 7CAS It h EMISSIONS
7. C 4. COMPUTE TCAS EFFECTS
a. C
9. C

10. INCLUDE RESTARTLIST

1.1 PARAMETER (NUAIR a 743)
2.1 C
3.1 C THE LOGICAL VARIARILE-PNINT* WHEN FALSEv WILL SUPPRESS ALL WRITE
4.? C STATEMENTS IN THE MODEL.
5.1 C
6.1 LOGICAL POISMDPINdTLIX,PTCSMTuPATMOO,-PDISINPFILES.PFRUIT.PSTATS
1.1 C4MMON IPR~dL/ PPISNDPINTLIPTCSMTPATNOPDISINPFILESPFRUIT*
It.! 2 PSIATS
9.1
10.1I DIMENSION TJFILE(NUAIRod)* IJFILE(MUAIR*B)#. ICASFI(83oNUAIlts1)
11.1 COMMOM-/TCOATA/ 1111(413)o DENS(83)01
12.1 ? IATIN(NUAIR)* IATSU(NUAIR)* IDASN(NUAIR)o IDAGS(NUAIR)
13.1 E4UIVALENCE (TJFILE*IJFILE)
14.1 -COMMON ICASI ICASFt* TJFILEv MAC. II.l PRINT
12. INCLUDE BBBEARPLIST-
1.1 -COMMON fSiBEARt TLAT* TLqN. ALATo RLON, DtST* BEARuX

13. INCLUDE OPLYMToL1ST
1.1 COMMON iIJPLYMTI IATCR* ICAB, tiCA. RATIO

14. INCLUDE TCAA*LIST
1.1 -COMMON ITCAAI NTCA

15. INCLUDE TEMP*LIST -

1.! -COMMON ITEMPI- ItIME
16. LOGICAL Ti
17. c

4 i. C LOADS FILES# SETS INITIAL CONDITIONS* COMPUTES NEAR TIME-INOEPEKOENT
19. C TCAS I EFFECTS
20. C
21. * READ IN PRINT OPTIONS FROM IST--LINE OF FILE 7.

23. READ(7.15) ISlMTRATIDTI.PDISMO.PINTLI.PTCSTPATOD01J1J
24. 2- PFILESP PFRUIT
25. WRITE(6#25) Tl oPDISMOoPPIN TLtPTCSNT*PATHODePOIS tN.POILES, PFRUIT
26. 15 FORMAT(I3*lX*F5.O,1K,8(Llv1K) )
27. 25 FORMAT( OPTIONS:,odlX*L1,1X)v/)
28. a
29. WRITE(o6a)' THE TOTAL StMUATION T11ME x*#IS1MT, RATIOU,*RATIO
30. a
31. CALL INIT a INITIALIZE ALL COMMON VARIABLES
32. CALL ASPINT a INITIALIZE ATCRBS SUN-POWER ARRAY =
33. CALL INPUT d LOAD AIRCRAFT FILE AND RATES
34. CALL TRANSP & LOAD A/C EMMISION CHARACTERISTICS
35. CALL TSTART a SET TCAS 11 M SQUITTER PHASE
36.

37. CALL LOAD a in(AO TCAS TABLES

B-i 1

~ , -V"



tO)(T/FAA/Pl4-85/22 "Appendix B

40. CALL PRESET & APPPROXIMATE INTERFERENCE EFFECTS
41. -IF (T1) CALL TCASI a COMPUTE TCAS I EFFECTS
42.
43. THE FOLLOWING LOOP CALCULATES TCAS 11 M TINE-OEPENOENT EFFECTS
44. C
45. 00 1000 ITIME a IPIS1NT a SIMULATION CLOCK
46. C MOVE ANO-RELOAO TCAS II M TABLES EVERY 40 SECONOS

1 47. IF(MOO(1TIMEMAO).EQ.O) CALL LOAD
1 4S.
1 49. C
1 SO. 00 6 II a ,MUMTCA a COMPUTE TCAS I EFFECTS (II IS TCAS 10)
1 51. C
1 S2. C LOAD TOP AND SOTTOM ANTENNA COUPLINGS BETWEEN TCAS It N AND ALL

-53. C OTHER AIRCRAFT.
2 54. CALL ANTGAN
2 55. C2 56. C COMPUT -FRUIT RATE AT TCAS It M EVERY 20 SECONDS. FRUIT RATES ARE

2 57. C USEDOTO--UETERMINE EFFECTS ON DETECTION PERFORMANCE.
2 58. IF C (CTIME.EQ.1) .OR. -(MOOCITIMEO) .E. 0) ) CALL FRUITA
2 59. C
2 60. CALL OISMOo CLPLU$I)
2 61. C
2 62. C COMPUTE--SMOOTH VALUES OF TCAS 1I N INTERROGATION RATES AND
2 63. C TRANSMISSIOGMPQWER LEVELS.
2 64. CALL TCSMdT'
2 65. C
2 66. c COMPUTE'MODE S EFFECTS
2 6?. IF (LPLUSI.NE.O) CALL-OISINT
2 68. C
2 69. c COMPUTE=-HISPER-SHOUT EFFECTS FROM TCAS II N-TO ALL OTHER AIRCRAFT
2 70. IF ((ITIME,.EQ.1).OR.(MOOCITIME*4O).EQ.O)) -CALL ATMOD
4 71. C
2 72. C ADJUST-TCAS It M CHARACTERISTICS TO SATISFY INTERFERENCE-LIMITING
2 73. C INEQUALITIES
2 74. IF (ITIME .6E. 5) CALL INTLI
2 75. C
2 76. CALL STATS( CIACASI)
2 77. *
2 ?8. -6 CONTINUE
2 79.
1 0.
1 8l.
1 -82. C
1 83. 1000 CONTINUE
1 84. C
1 85. C CALL FILES a LOAD RATE FILES FOR ATC MODEL.

86. END

END FTN-134 IBANK 105 OBANK 70774 COMMON

SHGDGP *t* CNVRT 'a'

B-1 2



DOTr/FAA/PM-85-/22 Appendix R

0' CNYRT

aFTMw-S B.CNVRTPCNVRT
PIN lil OZ12?18S-1-6:35(1O,)

1. SUBROUTINE CNVRT (K)
2. C
3. C. THIS SUBROUTINE DETERMINES THE AIRCRAFT TYPES
4. c I '
S4 . C IDABS'al
6. C 'TCASum3
7. C
84 DEFINE FLD(IPJ*K) a SITS(KI+l*J)
9. IF (FLDCOv6.,K).EQ.9) THEN- a "DOE S

1 10. KaI
1 11.- ELSE IF C(FLDCO,6,PK).EQ.25).0gR.(FLD(,6,PK)oEQ.7)) THEN

12. KX3 2 TCAS It
1 13. ELSE al ATCRGS
1 14.- KinD
1 is. END IF

16. RETURN
l7~ END,

END FIN- 44 -ISANK- 12-OBANK

B- 13
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aFTW#S e.OISINTs-DISIN-
FYN 1141- 02127185-16:35(61*)

1. SUBROUTINE DISINT
2. C
3. C THE PURPOSE OF -THIS SUBROUTINE IS TO COMPUTE MISADDRESSED RATES AND
4. C ADDRESSED RATES AT EACH AIRCRAFT. -

s. CI ~6. C **.**.**SNUS/OUTPUTS *&****~*b***Ob**
T. C
s. C COMMO* BLOCKS./- VARIABLES-
9. C INPUTS OUTPUTS DESCRIPTIONS

10. C
-11. C ATE -1 ORATE TOTAL INTERROGATIONS RECEIVED
1?. C BY- EACH TCAS II 'N
13. ' C5A 1 II TCAS 11--N IDENTITY
14. C -MAC NUMBER-OF AIRCRAFT- -IN-- DEPLOYMENT
15. C DPLIMT / -IATCR NUMSER -OF -ATCRSS AIRCRAFT
-16. C ELMS I ZAMSP ADJUSTED TCAS 11 N EMISSION POWER
I?,- C NISAD I -MI -S Mis MISADORESSES AT EACH AIRCRA FT
Is* C ONT I O!NTRT- OINTRT ADDRESSEDRATE TO EACH AIRCRAFT
19. C -UPRATE UPRATE TOTAL NUABER OF IN .TE RROGATIONS RECID
20. C SFNS -1 JSENS. SENSITIVITY LEVELS OF-ALL AIRCRAFT-
21. C SETA IADRESS NUMBER- OF ADDRESSES
22. C SENT I- ITOB INDICATES ANTENNA ON-WHlICH TCAS II NX
23. C TRANSMITTED

-. 24. C -LPLUS' NUMBER OF TCAS It N TRANSMISSIONS-
25. C TCAA -I MUMTCA NUMBER--OF TCAS 11-N A/C
26. C TCOATA 1 1111- TCAS II-N POINTER FILE
27. C TEMP I-ITINE ELAPSED -TIME
2R. C TRAX I JTRANS TRANSMISSION POWER FOR-ALL AIRCRAFT
-29. C JSENS SENSITIVITY LEVELS FOR-ALL AIRCRAFT
30. C
31. C
32. ~ INCLUDE AESTART*LtST
1.1 PARAMETER (NUAIE- 320)

=2.1 C
3.1 C THE -LOGICAL VARIABLE PRINT* WHEN FALSE, WILL SUPPRESS ALL WRITE
4.1 C STATEMENTS IN THE MODEL.
5.1 C
6.1 LOGICAL PRINT
7.1 DIMENSION TJFILECNUAIN*8)o IJFILECNUAIR,S),- ICASFI(83*NUAtloI)
8.1 COMMON ITCOATAI 1111(63)p OENS(83),
9.1 ? -IATIN(NUAIR), IATSU(NUAIR), IOAIN(NUAIR), IDABS(NUAIR)

10.1 EQUIVALENCE (TJFILEPIJFILE) '
11.1 COMNON /CASI ICASFIo TJFILEP NAC* 11, PRINT-
33. COMMON/ATEIORATE(83)
34. COMMONIONTIDINTRT(NUAIR),UPRATE(NUAIR)
35. COMMONIMESAO/MIS(NUAIR)
36. COMNONTEMP/ITIME
37. COMMON/TCAA/NUMTCA
38. CONMON/ILMSKCARR(83).AMSPCI3),IRESETC83)
39. COMMON/TRAX/JTRANS(NUAIR)
40. COMONSENS/JSENSCNUAIR)
41. COMMONISETA1AORESSNJAIR)
42. COMMON/SIlNTlLPLUS.,KpITDB(1OO)
43. COMMONIOPLYMT/IATCR*IDAB,ITCA
44. INTEGER SA
45. DEFINE FLO(1,J*K) a BTS(K,141.J)
46. C

B- 14
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OISINT

47. C
48. SA - 1111(11) 8 TCAS II A IOENTITY
49. 00 7 N a I* NAC a LOOP OVER ALL AIRCRAFT

1 50. IF (TCASFI(II*Nol).EQ.O) GO TO 7 a SKIP IF OUT OF TCAS ZI1 RANGE
1 51. IF (N.EQ.SA) GO TO ? a DO NOT PICK TCAS IN AS VICTIM
1 52. C
1 53. C GET ANTENNA COUPLINGS BETWEEN TCAS II M AND VICTIM AIRCRAFT.
1 54. C THE FACTOR OF 2**27 SHIFTS BITS UP AND THEN SACK DOWN AGAIN TO RECOVER
1 55. C THE SIGN BIT.
1 56. C
1 57. KGN13(FLO(OOO9,IJFILECNS))*(2**27)) 6 TCAS II N TOP ANTENNA GAIN
1 58. KGNIuKGNIJ(2**27)
1 59. GNlxKGNlI1O.*4.?-1.9
1 60. KGN2(FLD(09,09*IJFILE(NB))*(2**27)) 8 VICTIM TOP ANTENNA GAIN
1 61. KGN2aKGN2/(2**27)
1 62. GN20KGN2IO.
1 63. KGN38(PLO(18,O9IJFILE(NB))*(2**2?)) 8 TCAS II N BOTTOM ANTENNA GAIN
1 64. KGN3xKGN3/(2**27)
1 65. GN3uKGN3110.44.7-1.9
1 66. KGN41(FLOC27,O9IJFILE(NU))(2**27)) 8 VICTIM IOTTOM ANTENNA GAIN
1 6?. KGN4*KGN4I(2**2?)
1 68. GN4.KGN4I10o.I 1 -69. IQZFLO(34,2#ICASFI(II#Nl)) 8 VICTIM AIRCRAFT TYPE
1 70. 00 6-M1slLPLUS I LOOP OVER ALL TCAS IIN
1 71. C INTERROGATIONS.
= 72. IF (ITO8CN).EO.1) GS u GN1 ' TRANSMIT TOP.
2 73. IF (ITOB(N).EQ.3)- GS * GN3 8 -TRANSMIT BOTTOM.
2 74. GV a GN2
2 75. IF ((GN4.GT.GN2).AND.(IQ.NE.O)) GV a GN4
2 76. GNTOT m-GS 4 GV I TOTAL ANTENNA COUPLING.
2 77. IPRW a -FLO(17s,1OCASFI(II,N)- & POWER LOSS (FREE SPACE).
2 78. PRW a IPRN
2 79. ATRANS u JTRANS(SA)I1 000 000. a TRANSMISSION POWER (KWATTS)
2 80. CTRANS -ATRANS*1000. a (WATTS)
2 81. RVPR3 a -(PRWIIO.) + 1O.*ALOGj0(ATRANS) - 3.0
2 82. - 1O.*ALOG1o(CTRANSIAMSP(II))
2 83. POWY a RVPR3 + GNTOT a TOTAL POWER AT VICTIM
2 84. C
2 85. C IF TOTAL POWER VICTIM-RECEIVEO IS GREATER THAN VICTIM SENSITIVITY*
2 86. C COUNT A MISAUDRESS AT VICTIM:
2 87. IF (POWY.GE.JSENS(N)) MIS(N) a MIS(N) * I
2 Be. 6 CONTINUE
1 89. 7 CONTINUE
1 90. C
1 91. C CHECK ARRAYS FOR PROPER- SQUITTER COUNTING AND MISADORESSED RATE.
1 92. C

93. IF (II.EO.NUNTCA) THEN a COMPUTE AVERAGES AFTER ALL
1 94. D0 4000 NBz le NAC a PICK A VICTIM AIRCRAFT.
1 95. C
1 96. C OINTRT IS THE ARRAY FOR EACH MODE S TRANSPONDER THAT RECEIVES
1 97. C TCAS 11 M INTERROGATIONS
1 98. C
2 99. IF (IJFILE(NBr4).NE.O) DINTRT(NB) =OINTRTCNB) + 1
2 100. UPRATE(NB) - UPRATE(N)OINTRT(NS) a TOTAL NUMBER OF INTERROGATIONS
2 101. ADRESSCNB) z OINTRT(N$) a 0 OF ADDRESSES RCVO THIS TIME
2 102. OINTRT(NO) u 0. a RESET COUNTER
2 103. 4000 CONTINUE
1 104. END IF

105. RETURN
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hi. DZSNY

106a END

-ENO FTt' 334 tBANK 92 DbANK 33736 COMMON
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lrfx, B DSODDIMD

FIN IIft 02127/8S-t6:3SCZ.)-
I., SU8ROUTINE-9ISNOO(LPLUSi)
2-.
3. -C
4. C THE PUiPOSE OF THIS- SUBROUTIlNE -IS 10O SCHEDULE MODE S_ DISCRETE
5. C -INTERROG.ATItONS.'
6.- C
7. C I*i*~O***~ NPUTS5 I OUTPUTS *.h*a**,***
8a. CVAILS
9. C COMMON-BLOCKS I AA&l

10. -C INPUT-S_ -OUTPUTS- -DESCRIPTION-
110 C
12. -C ADJSEN ISESIT 'ADJUSTED TCAS l-N SENSITIVITIES--
13. CATE IORATE -INTEARDOGAIONRATE ,AT EACH TCASIIX
14. C C AS I ICASFI TCAS_ It- -N-ENVINRONMENTAL -FILE
-15. C_ -1 TCAS -1-H IDENTIFtER
16. -X -IJFILtE TYPE- OF IEACH-- A InCRAFT-
17. C TJFILE -At IRAFT; CHARACTER IST IC S- FILE-
Is.- C -FRUT -/-FRUIT -FRUIT -LEVEL- SEEN ,Bf- EACH-TCAS -IMN
19. -C ILNS_ /AnSp ADJUSTED, TCASit- N-POWER -LEVELS-
20. C MNISAD_ /_I NS NISADE$SES_
-Z. e C -ONT 4I DINTRT- AOOR1S-SED=R ATE- TO EACH-A~tRCRAFT-
22. C UPRATE- TOTAL =NUMBER- OF -INTER ROG ATIONS lCD-
23.- C -RCACQ PA RL MAIUNMT NTRROGAT ION RAT E ,I.N ROLL
24. C- -ITRtLl*2*3ur4- M AXIMUM--FAILED -INTERROGAT-ICWSISCAN
25. C RLACQ ACOSUM1 'MODE S INEROAIN--RATE -COUNT
2-6. -C DOORSUX 4-TCAS -1 * IN DORMANCY 'STATE-
27. -C Mk t - COUaiTiDN-omtER~fi
2k. C -MOORa -bORMANCVY COUNTEk
29. C MIO4L -ROLLCALL -CDUNTtlR
30. C_-S SQUITTER-:STATE _COUNTER-
31. C -NULL -NULL- S TATE-COUN T ER-
32. C_ ROLSUM- NiUmBER _OF -AIRCRAFT- INROLL ;CALL
-33. C -SEWS_ /l JSENS- AtI*CRAFT- -SENSITIVITIlES
34. C SImT 1 'tis- INDICATES -WHER.E~TCAS- I1K IMITED-
35. C. K_ VICTIM AIRCR1AFT'
36. _C LPLUS-. YCAtS II NTRANSKISSIONS
3?. C S U-R-V I- ITRACK -ITRACK NOE _S TRACK FIi'E_
38., C- TCOATA I 111 CAS II N POINTER FILE
39. _C TEMAP I -ITIME -ELAPSED- TINE -IN- -SIMULATION-
40. -C TRAX I- JTRANS -AIRCRAFT TRANSMISSION-POWERS

43. INCLUDE-RESTART*LIST
:,I PARAMETER C(NUAIR -_328)

2.!I C - .
3.1 C THE LOGICA -L -V ARIABLE.P PRINT* WHEN-FALSE, WILL SUPPRESS ALL WRITE
4.! C STATEMENTS IN THE-MODEL.
5.1 C
6.1 LOGICAL PRINT
?.I DIMENSION TJFILE(NUAIR,8S), IJFILE(NUAIR,8), ICASFIC83*NUATRo1)
8.1 COMMON ITCOA7AI I111(3), DENSCIS),
9.1 ? IATIN(NUAIR)o IATSU(NUiIR); ID)AUN(NUAIR), IDABS(NUAIR)

10.1 EQUIVALENCE (TJF!LE,IJFtLE)-
11.! COMMON /CAS/ ICASFI, TJFILEi NAC -II, PRINT
44. COMNON-/ADJSENISEST83)
45. COMmok/ATEIDRATE(83)
46. COMMONIONTIOINTRTCMUAIR),UPRAtECNUAIR)
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47. COMAON/FRUI FRUIT T (3)
48. CoMmONITIMP1ITIME N
490 COMMONIRCACQIITRILI (6),lIRILZ(6),ITRIL3(6).1TR1L4(6),IROL(l0)
50. COMMON/ SURVI ITRACK(8 So $O)-I
$V5 CONNONJROLACQIROLSUMACQSW0iOORSUM,MROLNAQMOORMSQNULL
52. CON ONITCAAINUNICA
53. CO MMONJTLMSIKCAUR(83),AMSPC83),IRESET(83)
54. COMMONJSNOOTIIINON(13),TIS(13),TPS(S3)-
55. COMMNINTRAMITRANSCMUAIR)
56. ComM'ON/SENS/iSENS(NUAIR)
5?. C0MANNSINTILPLUSKZTOB(1O0)
53. COMMONINISAD/MIS(NUAIR)
59. DEFINE FLO CIjJoK) B ITS (Ko 141, J)-
60.- C
61. IFZCII.EQ.1) THEN

-1 62. -CSUN a 0.
-I 63o -ROLSUN a 0.
1 64. -ACOSUM v 0. 1 CLEAR OUT COUNTERS
1J 65. -DORSUN a-0. 0 AS-EACH NEW

1 66.- NHUL u 0 a SEARCH CYCLE SEGINS.
1 6?. -MkA -
1 68. OOR aO

1 69. _MsQaO0
1- 70.- -NULL a Q
1- 71. tMUM u 0.
1 72. CALL NOVEKA (NUAIR,I4ATiN)
1- 73. -CALL NOVEKA (NUAIR#OoIAISU)
1- 74. -CALL 14OVEKA (1RUAIR,IASN)
4 ?5.- CALL 14OVEKA (NUAIR,OABS)
I. 76,_ CALL M4OVEKA -CNOAIR*O*NZS)
I ??. END IF
I is:- C
-1 79. C

80.- NTRl a 500
81.e ORATiII) a 0.
82.- C
93- C -GET TCAS ALTITUDE, ZERO OUT COUNTERS.
84, C
85. INi- 1111(11) a TCAS. POINTER
86. AL? ig TJFILE(I14g3)/52S0. a ICAS ALTITUDE IN MILES
S?. LPLUS *0
St. LPLUSI LPLUS
89. NONCII) a 0-
90. C,
91. C
920. 00 20 IPUINIRK a LOOP AROUND ALL AIC
93. C IN TRACK FILE

1 94. IPLUS *0
1 95. ITRY a0
1 96. IF (ZTRACK(1,IF)*EQ.0) 0O TO 20
1 97. K = FLO(0,l0,ITRACA(IIIF))
-1 98. MT11ME aITIME - I
-1 99. IF cMrXME.LT.1) MTIMEx1 0 TO KEEP FROM DIV. IT ZERO
1 100. A a UPRATEMKIMTIME
1 101. N a UPRATEMI)NTIME
1 102. FR a A . N
1 103. CALL RANN (AAN)
1 104. IF (RAN.Lf.FR) N *N*

1 105. IF CN.LT.1) N z 1
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1- 106. ALI TJFiLE(K,3)/5260,. I ALTTTUOi OP VICTIM A/C
-1 107. ADAL aANS(AL2-ALI)
1 108. SRt a FC:OCO,9otCiSFi(1I,Kp1I0.- a SLANT RtANGE -BETWEEN 4WO AIC
1 109. ITAMP a PL0C34*2,ICAsFZ'CtoII,)13 a A/C TYPE
1 110. IF CITEMP.eQ.O)-GO-TO 20 -8 ELIMINATE- ATCAGS A/C,
I Ill. RYPI a FLO(17s1O.-tCASFI(I,%1)3
1 112. ATRANS a JTRANS(INI/1000 000.
1 113. CTRANS a 1000.iATRANS
1 114. RVPR1 - -(RtVPR/1O.)* 4 1O.*ALO61O(ATRANS) - 3.0
1 115. 1- - 10.*ALOGIO(CTRANSIAMSP(tI))
1 116. $TRANS *JTRANSCK)ll 000 000.
I Ill. RVPR2 a-CRYPRIIO.) *i10.ALOBIO(BTRANS) - 0.7 - 0.3 --3.0

113li. C
-1 119. C REPLY POWER OF MODE S AND TCAS Il N-TRANSPONDERS DIFFERS IY-2.02 DI.
1 120. C

1 121. IF (IJFILE(K*A)-.fQ.3) RVPR2 a RVPRZ - 2.Z
-1 122. IGNI a (FLO( O',O9,I-JFIL9(Kv6))h(2a*2?))-

-1 123. I16N2 - CFLD(09jO9gIJPILE(K,3))(2**27)')
1 124. -10N3 a (FLO(1,9,IIFI'LECK))*(2**.27))
1 1250 IGNA a (FLO (Zbo09, WiILE (K,) *(2o.21)Y
1 126. GNI a FLoA(IG10I2k27I)I1D. 4 4.7-- - 1.9
1 127. GNZ a FL0AT(I4N2IC2**27))I0.
1- 129. r.N3 F LOAT (I)3I**27)W/1. 4- 4*7_ 1.9

I- 129o N4 *FLOAT(ICM 04(2**27) 110.
1- 130. -Gs * NI
.1 131. IF (r.N3.GT.GNi) 65_ a GN3
1 132. BY - GN2
1 133. IF CGN4.GT.GN2)-G aY aN
1 134. 4NGOUP a Gs 4 By-
-1 135. PWI a RYPoi 4 sGGUPv A INTERROGATION POWER
.1 136o PWR v RVPR2 + GstGOUP a REPLY POWER

1 137. C -

-1. 138.0 C IF VICTIM A/C IS TCAS IIl N-EQUIPPED AND- ITS REPLY POWER IS--ABOVE THE
-1- 139. _C SENSITIVITY OF THE TCAS -INTERROGATOR- OF ItNTERESTO RUN SUBR.- TSOUIT.-
1 140.- C
1 141. IF C(ITENP.EQ.3)-iAND.CPWR.BE.JSENS(-IN))) CALL TSQUIT
1 142. C
-1- 143. C THE NEXT SEGMENT OF-CODE FINDS THE PROBAILITY OF CLEAR-RECEPTION OF
1 144. C THE VICT11N1 REPLY-SIGNAL, BY THE- TCAS II N M.AIRCRtAFT USIN. 'A-CURVE-F.ITTING
1 145. C -TECHNIQUE. THE CURVES WERE SUPPLIED BY LINCOLN LASVORATORY AND NAY Be
4 146. C CONSIDERED SINUSOIDAL IN NATURE FORI-TEINTERtVAL UNDER CONSIDERATION.

1- 147. C
1 1.48. IF-(FRUtT(II).LE.O) -FRUIT(II) a 100.

-- 149. SHIFT x 3. # 1O.*AL'OGIOCFEUIT(tI)'11 t80)
1 150. OSX a -69.

'1 15. ORH6OS X + SHIFT
1 152. POW aPWR +43.0
A 153. T x 2a.
1 154. IF (POW.GT.OPHO) -T z 32.
1 155. -PW a(OGR"O *POW0*2*3.41594' T
'1 156. pac * .5 + O.S*SItN(PW)
1 157% IF CPOV.LT.(ORHOr-- 7.;)) POC a * O
1 158. IF (POW.GT.CGRHO + 8.)) POC Me10
1 159. POC x 0.95 * PDC-
I 160. OSIXX x -72
1 161. ORNO a OSIXX + SHIFT
1 162, POW a PWR + 3.0
1 163. T a 28.
1 164. IF (POW.GT.ORHO) 7 32'.
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DISHOO

1 165. owa (-ORHO f Fow)*2*3.1,4159 I T
1 16.. POCI 2 0.5 + 0.5*SIN(PW)
1 167. IF (POW*LT*(CIHO - 7.)) FOCI a 0.0
1 168. IF (PaW.GT.ORIO-+ 8.)) rOCI at 1.0
1 169. FOCI a O.95*poci

1 170. C
1 171. C
1 172. C UPDATE NODE S -TARGET STATUS AND SCHEDULE

173. C INTERROGATIONS
1 174. C
1 175. C

~- 176. a60
1 1??. IF CTJFILE(K*3).*Gl.l0 000) V *V + 300
1 178.. IF (TJFtLE(IH,3).1kT.l0 000) V V + 1 00-

1 179. TE a ZNTC(SR*3600.)V)_
1 180. KALT a 0
t 181. KYRIAL - L(23IRCCIZ)
V 182. -KSCAN- a FLD(25.4.ITAiC(II,IF))

1 183. -ICLOCK a FLOcIO,aOITRACkCII,IF))*(2*.28)-
1 184. ICLOCK a ICLOCKI(-2*'*2I) _
1 as 18. SOIT a FLDC29o.1,1TRACK(II,1F))
1 186 ISTATE a FLD(l8S-4,I-TRACKCIIIF)i

167. IF (POW.LE.(SESIT,(1I_)-4 3.)) 'PDC a 0.0
I 1ag. IF (0POW 'L.-SSTI)*3.)) O.03
1 189. 1 CISTATE .10. 0)) THEN a NULL STATE

2- 190. ICONT a0-
2 191. C
2 192. NULL aNULL + t 8 NULL STATE COUNTER

* -2 193. CALL *ANN (INA) MYN aION
2 194. IF (CRAN.LT.POCI).AN~O.ISTATE.E@.0))-CN a OT+I
2 195. IF (ICONT .1Q. i) THEN >
3 196o ISTATE a 1I 1 REPLYP 60 TO SQUITR
-3. 197. ICLOCK a 16 S9 STATE AND SET CLOCK-10
3 190. C 16-SINCE ENTERING FROM
3 199. C -NULL STATE
3 200. ELSE,
3 201a ESTATEa0
3- 202. ICLOCK a 0,
-3 203. KSCAk 0'
31 204. -KTRIAL --
-3 205. ISQIT- 0-
3 206. END IF
2 207. 'ELSE IF (ISTATE EQ0. 1) THEN a SQUITTER STATE
2 208. ICLOCK - ICLOCk 8-aDECREMENT PURGE CLOCK;
2 2090 C INITIALIZE AT 16 WHEN
2 210. C ENTERED FROM NULL STATE.,
2 211. C *0 WHEN FROM ACO. STATE
2 212. MSQ z NSO + 1 8 SQU17TER STATE COUNTER
2- 213. IF (KTRIAL *GE. 1) -THEN
3 214. IF CKTRtAL .10. 1) THEN I UP COUNT INCREMENTS

4 215.KSTEP s 20
4 216. ELSE IF (KTRIAL EQ*. 2) THEN
4 217. KSTEP a 16-
4 218. ELSE IF (KYRIAL .EQ* 3) THEN
4 219. KSTEP a 8
4 220o ELSE IF (KTRIAL EQ0. 4) THEN
4 221. KSTEP m 4

4 222. ELSE
4 223. KSTEP a 2
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4 224. END IF
3 225. 10 9101 L 1, -N
4 226. CALL RANN (RAN)
4 227. -IF (RAN LT. POC) THEN
5 228. ICLOCK a ICLOCK * -KSTEP
5 229. lALTT * 1

230. ENO IF
4 231. IF (ICLOCK .GT. 0) THEN
5 232. ISTATE a 2
5 233. KSCAN *
S 234. KTRIAL a ATRIAL + I
5 235. IF (ATRIAL .GT. 4) ATRIAL 4
S 236. ICLOCK a 0
5 237. GO TO 9102
s 238. END IF
4 239. 9101 CONTINUE
3 240. CALL RANN (RAN)
3 241. IF(RAN .LT. -PMC) ICLOCK v ICLOCK + KSTEP
3 242. IF (ICLOCK oGE.-O) THEN
4 243. 4STATE a 2
4 244. -KSCAN 0
4 245. KTRIAL KITRIAL + 1
4 246. -IF CKTRIAL .GTo 4) KTRIAL a 4
4 247. TCLOCK = 0
4 248. ELSE IF (ICLOCK .LE. -40) THEN
4 249. ISTATE 2 0
4 250. KTRIAL a 0

4 2514 KSCAN a 0-
4 252. -ICLOCK I 0-
4 253. ISOIT u 0
4 254. ENO-IF
3 255. 9102 CONTINUE
3 256. ELSE IF (ICLOCK sGE. -1) THEN
3 2570 ICONT s 0
3 258. 00 201 L a 1, (N-I)
4 259. CALL RANN (RAN)
4 260. IF (RAN LT. POC) THEN
5 261. IALTT a 1
5 262. ICONT i ICONT + I
5 263. GO TO 210
5 264. ENO IF
4 265. 201 CONTINUE
3 266. CALL RANN (RAN)
3 267. IF (RAN .LT. POC1) ICONT a ICONT I I
3 266. 210 CONTINUE
3 269. IF M[CNT .NEo 0) THEN
4 270. IF (CADAL .GT. 1.700) .AND.
4 271. 1 (IALTY .EQ, 1)) THEN
5 272. ICLOCK a 16.
5 273. ELSE
5 271. ISTATE x 2
5 275. KTRIAL a KTRIAL * 1
5 276. IF (KTRIAL .GT. 4) KTRIAL 4 4
5 277. ICLOCK 30

5 278. END IF
4 219. END IF
3 280. ELSE
3 281. ICLOCK = 0
3 282. [STATE = 0
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*** DISHO0

3 283. KTRIAL * 0
3 234.. ZSCIT a 0
3 285. KSCAN a 0
3 286. END IF
2 2870 ELSE IF ([STATE .EQ. 2) THEN a ACQUISITION STATE
2 288. KSCAN a KSCAN + 1 U SCAN INCREMENT
2 239. MAO a MAO *1 A ACQUISITION COUNTER
2 290. IF (KSCAN .GT. 6) THEN
3 291. YSTATE a i

292. ASCAN a 0
3 293. [CLOCK a 0
3 294. [SORT a 0
3 295. ELSE
3 296. C ITRIL-SUB GIVES MAX PERMISSIBLE NISSES--A FUNCTION OF TRIAL S SCAN
3 297. IF (WTRIAL eEOs 1) ITRY a ITRILI(KSCAN)
3 298. IF CKTRIAL .10. 2) [TRY a ITRIL2(KSCAN)
3 299. IF (KTRIAL .M0. J) [TRY a ITRIL3(KSCAN)
3 300. IF (KTRIAL .E. 4)- ITRY a ITRIL4(KSCAN)
3 301. IF (ITRY .NE. 0) -THEN
4 302. LCOUNT - 0
4 303. 00 1101 L -a I* -ITRY 1
5 304. IF ((LCOUNT LT.2).ANO.((L-LCOUNT).LE.ITRY)) THEN
6 305. CALL RANN(RAN)
6 306. tPLUS a=IPLUS + 1
6 30?. ITOS(LPLUS +-0 a 3
6 308. IF (INT(GS).EQ-INT(GNI)) ITOI(LPLUS41) a I
6 309. ACQSUNa ACQSU; 41 * MODE S INTERROGATION
6 310. C RATE COUNTER
6 311. ORATE(CI) aDRATE(MI) 4 1
6 312. IF (PwI.1G. JSENS(K)) THEN
6 313. C ADDRESSED RATE TO AIRCRAFT K:
7 314. OINTRT(K) a DINTRT(K) + 1
7 315. IF (RAN-.LT. POCI) LCOUNT a LCOUNT 4 1
7 316. IF (LCOUNT .GE. 2) THEN
8 317. KSCANM- 0
a 318. KTRIAL 0 0
a 3190 [SORT a0
8 320. IF (TE .GT. 43) THEN
9 321. [STATE a 4 8 GO TO DORMANCY STATE
9 322. [CLOCK a TE - 43
9 323. OORSUN a DORSUM + 1
9 324. ELSE
9 325. ISTATE a 3 8 GO TO ROWL CALL STATE
9 326. [CLOCK a 0
9 3?7. END- IF
8 328. END IF-
? 329. END- IF
6 330. END IF
5 331. 1101 CONTINUE
4 332. IF (LCOUNT EQ. 1) THEN
S 333. IF ((ISQIT iEQ. 1) .0. (KSCAN .EQ. 6)) THEN
6 334. IF (TE .GT. 43) THEN
7 335. KSCAN-• 0
7 336. KTRIAL a 07 337. ISQIT * 0
7 338. [STATE a 4

7 339. [CLOCK u TE - 43
7 340. DORSUM a DORSUM + 1
7 341. ELSE IF (ISQIT .EQ.1) THEN
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*1 14iISmOO EDI

2 342. ESTATE 3
7 343. ICLDCK a 0-

? 345. KSCAN 0
7 345. KTRRAL RL0
7 346. ISIT T
? 34?. END F
6 34. ELSE
6 349. ISSQT I 0
6 350. ENDELF
3 351. END IF

4 352, END IF

3 353. END F
2 354, ELSE IF (ISTATE*EQ.3) THEN 0 NOLL CALL STATE

2 355. KSCAN R KSCAN I
2 356. MROL v SROL 1 1 ROLL CALL COUNTER
2 357. IF (KSCAN *GT. 10) THEN3 358. ISTATE a I a BACK TO SQUIRTER

3 359. ICLOCK t 16
3 360. KTRIAL a 0 a Z-ERO TRIAL
3 361. KSCAN a 0 aTZERO SCAN
3 362. ITIT 0
3 363. ELSE
3 364. ITRY • I E.Nb(KSCAN)
3 365. D R 401 L DT 1R ITT aDO UNTIL A REPLY IS RECEIVED4 366. CALL-RANN(RAN)

4 367. PLUS CA a PLUS a E
4 368. ITO CLPLUS * 1) 3
4 369. IF ( INT(GS)TEQ INT(GNE)) aTO&4LPLUS#I) a I
4 370. R OLSUM + I 0-MODE INTERROGATION
4 381. C RATE COUNTER
4 372. DRATEII) D RATE(II) + I $-POLL CALL INTERROGATION
4 373. C RATE COUNTER
4 374. If (PNIoGEoJSENS(K)) TEN
5 385. E INTR(K) DNTAT(K) + I
5 376. IF (4AN1LEoPOCl) THEN a SUCCESSFUL RECEPTION Of
6 377. ESCAN a 0 a REPLY
6 38. EF (TEGTE40) THEN
7 379. ISTATE 4
7 380. DoRSUfO a 1DORSUM C1
2 381. ICLOCK TEC"407 362. END IF
6 383. GO TO 402
6 384. END I15 3 385. END IF 

4 386. 401 CONTINUE
3 387. 402 CONTINUE
3 388. END IF
2 389. ELSE F (ISTATE.E.4) THEN a DORMANCY STATE
2 390. ICLOCK a CLOCK - I2 391. mnOR s MOOR + I a DORMANCY COUNTER
2 392. IF (ICLOCK.EQ.0) THEN
3 393. ISTATE u 1 a BACK TO SQUITTER
3 394. ICLOCK a 16
3 395. KTRIAL a 0
3 396. KSCAN 0
3 397. ISQIT •0
3 398. END IF
2 399. END IF
1 400. FLO(OoPOPITRACKCI., IF)) ICLOCK
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DISMOO

1 401. FLO(l8*4PITftACK(IIKFF)) aIStATE

1 402. FLO(22#3#ITRACK(II,IF))- KTNIAL
1 403. FL0CZ5#4#ITftACK(IiIF)) - KSCAN
1 404. FLO(?9,1,ITRACK(It,tF)) W'ISQIT
1 405. FLO(31P1vITRACK(II#IF)) 0
1 406. *LPLUS z LPLUS + IFLUS
1 407. LPLUSI a LPLUS
1 408. 20 CONTINUE

409. RETURN
410. END

END FTN 1253 hDANK 240 OBANK 75362 COMMON
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FILES e

-aFTNoS S.FILESoFILES
FYN l1i 02JZ7165-16:35(39i')

1. SUBROUTINE FILES
2. C
3. C
4. C THi FUNCTION OF THIS SUBROUTINE IS TO CREATE A FILE TO BE USED AS
5. C INPUT DATA TO THE OABSIAYCRSAIAS PPM WHICH WILL DETERMINE THE NET.
6. C EFFECTS OF DEPLOYING TCAS SYSTEM4S IN THE ENVIRONMENT*
7. C
S. C a..~~ea..e INPUTS I OUTPUTS **b**i*****e**i.i*
9. C
10. C -COMMON BLOCKS I VARIABLES
11. C INPUTS OUTPUTS DESCRIPTION
12. C
13. C ATE I ORATE TOTAL INTERROGATIONS RECOD BY ICAS TIN
14. C CAS / NAC NUMBER OF AIRCRAFT
1s. C ILMS I KCARR NUMBER OP W-S LEVELS TCAS TIM IS USING
16. C HISAO 'I RIS MDOE S MISAOORESSES
17. C SETA I ADRESS MODE S ADDRESSES
Is. C TCDATA I ATIN ATCABS INTERROGATIONS DUE TO TCAS 11 9
19. C IATSU ATCRSS SUPPRESSIONS DUE TO TCAS it N
20. C IDA SN MODE S INTERROGATIONS DUE TO TCAS It M

'121. C IDARS MODE S, SUPPRESSIONS DUE TO TCAS It N
22. C TCRAT1 I ATCRAT TCAS I INTERROGATIONS AT EACH AIRCRAFT
23. C
24. C
25. INCLUDIE RESTARTPLIST
1.1 PARAMETER- (NUAIR 2-328)
2.1 C
3.1 C THE LOGICAL VARIABLE PRINT* WHE1NFALSE., WILL SUPPRESS ALL WRITE
4.1 C STATEMENTS IN THE MODEL.
5.1 C
6.1 LOGICAL-PRINT
7.! DIMENSION TJFILE(NUAIAPB)* IJFILECNUAIRPI)o ICASFI(83vNUAIl,1)
8.1 -COMMON ITCOATA/ 1111(83), OEMSC83)*
9.1 7 IATIN(NUAIR)* IATSU(NUAZR)* IDABW(NUAIR)o IDABS(NUAIR)

10.1 EQUIVALENCE (YJFILEPIJFILE)
11.1 COMMON /CAS/ ICASFI# TJFILE., NAC# IT* PRINT
26. COMMONIILMS/KCARR(13).AMSP(U3),IRESET(83)
27. COMMON/ATEIDRATECB3)
28. COMMONINISADIMIStNUAIR)
29. COMNON/SETAIAORESS(NUAIR)
30. COMMON/SENS/JSENS(NUAIR)
31. COMMON/-TCAA/NUMTCA-
32. COMMONITEMPIITIME
33. COMMON/YCRAT1/ATCRAT(NUAIR)
34. KF a0
35. C
36. C
37. no 2023 KE M AC

1 38. IF (IJFILE(KEP4).EQ.3) THEN
-- 2 39. KF z 9F+ I

2 40. AMTSUP m 60.*KCARRCKF) + 100.*DRATECKF)
2 41. ELSE
2 42. AMTSUP a0.
2 43. END IF

1 44. WRITE (10,2025) N4IS(KE),IDA8S(KE),IDA6N(KE),rIATIN(KE),
1 45. ? IATSUCKE),ADRESS(KE),AMTSUPPATCRATCKE)

*1 46. 2025 FORMATClOXS115,F1D.5,2XF1O.3,2XF1O.3)
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ha' FILES

1 47. 2023 CONTINUE
1 48. C

49. RETURN
50. ENO

END FTN 64 ISANK 107 OBANK 32975 COMMON

B- 26
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,** FRUITA **

aFTN,S 8.FRUITAFRUITA
FTN 11R1 02/2?/85-16:35(60i)

1. SUBROUTINE FRUITA
2. C

3. C THE PURPOSE OF THIS SUBROUTINE IS TO COMPUTE FRUIT RECEIVED AT EACH

4. C TCAS AIRCRAFT, *AND TO COMPUTE THE PROBABILITY OF REPLY
5. C FOR EACH AIRCRAFT.
6. C
7. C *******i***** INPUTS I OUTPUTS
8. C
9. C COMMON BLOCKS I VARIABLES

10. C INPUTS OUTPUTS DESCRIPTION
11. C
12. C CAS I ICASFI ICAS II M ENVIRONMENTAL FILE
13. C II TCAS 11 M IDENTITY
14. C IJFILE A/C CHARACTERISTICS FILE
15. C MAC NUMBER OF A/C
16. C FRUT I FRUIT: FRUIT SEEN BY EACH TCAS II N A/C
17. C MISAD I MIS MiS MISADORESSES
18. C RATE I IADJIN INTERROGAT:ON RATE FOR EACH A/C
19. C IADJSU SUPPRESSION RATE FOR EACH, A/C
M2O C SENS I JSENS SENSITIVITY LEVEL FOR EACH A/C
21. C TCDATA I 1111 ICAS 11 M POINTER
22. C lATIN ATCRSS INTERROGATIONS DUE TO
23. C TCAS It N A/C
24. C IATSU ATCRBS SUPPRESSIONS DUE 10
25. C TCAS I N A/C
26. C IOABN . MODE S INTERROGATIONS
27. C IDABS MODE S SUPPRESSIONS
28. C TPREPL I 'PREP PROBABILITY OF REPLY FOR EACH A/C
29. C TRAX / TRANS TRANSMISSION POWER FOR EACH A/C
30. C

• 31. C

32. INCLUDE RESTARTLIST
1.i PARAMETER (NUAIR a 328)
2-1 C
3.1 C THE LOGICAL VARIABLE PRINTP WHEN FALSE, MILL SUPPRESS ALL WRITE
4.1 C STATEMENTS IN THE MODEL.
5.1 C
6.1 LOGICAL PRINT

7.1 DIMENSION TJFILE(NUAIR,8), IJFILE(NUAIR,8)s ICASFI(B3PNUAIR,1)
8.1 COMMON /TCOkTAI 1111(83), DENS(83),
9.! 7 IATIN(NUAIR), IATSU(NUAIR), IOABN(NUAIR), IOABS(NUAIR)
10.1 EQUIVALENCE (TJFILEIJFILE)
11.1 COMMON ICASI ICASFI, TJFILE, MAC, 11, PRINT
33. INTEGER STAT(2,NUAIR),KMIS(NUAIR),
34. CONMONIRATE/IAOJIN(NUAIR),IADJSU(NUAIR)
35. COMMONIFRUT/FRUIT(83)
36. COMNMONMIISAO/MIS(NUAIR)
37. COMMONITPREPLIPREP(NUAIR)
38. COMMON/TRAXIJTRANS(NUAIR)
39. CONNON/SENS/JSENS(NUAIR)
40. C
41. C DELETE THE FOLlOWING-COMMON STMT AFTER TESTING
42. COMMON/TEMPJITIME
43. C .
44. C
45. DEFINE FLO(IJK) s'BITS(KpI4IJ)
46. IF (I1 .EQ. 1) THEN a AT THE BEGINNING OF EACH NEW SEARCH
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FRUITA

1 47. 00 1 1 1* NUAIR I CYCLE* SAVE MISADDRESSFD,
2 48. KNISCI) a MIS() 9 INTERROGATION, AND SUPPRESSION
2 49. IF (JFILE(I,4) .EQ. 0) THEN a RATES FROM PREtIOUS SECOND.
3 50. STAT(1,I) IATIN(I)
3 51. STAT(2#I) I IATSU(I)
3 52. ELSE
3 53. STAT(*I1) x IDABN(T)
3 54. STAT(2*1) a IOABS(1)
3 55. END IF
2 56. 1 C1NTINUE
1 57. END IF
1 58. C
1 59. C GET IDENTITY OF TCAS 11 M-AIRCRAFT.

60. 1HOLD a 1111(1I)
61. FRUIT(IK) a 0
62. C
63. 00 6000 10 l , MAC I SELECT A VICTIM AIRCRAFT.
64. C
65. C CHECK THAT VICTIM AIRCRAFT IS WITHIN RANGE:

1 66. IF (ICASFt(IIIQ,1).EQ.O) GO TO 6000
1 67. ITT z FLD(34r2*ICASFI(IIv1QO1)) 8 FIND VICTIM AIRCRAFT TYPE
' 68. PLUI a STAT(o1IQ) a NUMBER OF INTERROGATIONS RECEIVEO

1 69. PLUS a STAT(2IQ) 6 NUMBER OF SIIPPRESSIONS R1ECIVED
1 70. IF (ITTY .EQ. 0) THEN 8 ATCRBS A/C
2 71. DEDI a PLUI * 0.000060 I DEAD TINE 1S60 MICROSECONDS
2 72. ASUP a 0.000035 a SUPPRESSION TINE iS 35 MICROSECONDS
2 73. ELSE
2 74. BED? w ?LU! * 0.000024 1 DEAD TINE IS.24 MICROSECONDS
2 75. ASUP a 0.000020 8 SUPPRESSION TIME IS 20 MICROSECONDS
2 76. END IF
2 77. C TOTAL SUPPRESSION TIME DUE TO GROUND ATC (IAOJSU) AND TCAS It M
2 78. C EMISSIONS (ADDRESSES AND MISADORESSES):
1 79. DEADI a IAOJIN(I0)*0.000060 4 DED
1 80. DEADS IADJSUCIQ)*O.000035 * PLUS*O.000035 4 KMS(I)*ASUP
1 81. DEADT DEAD! - DEADS 8 TOTAL DEAD TIME
1 82. C (INTERROGATION 4 SUPPRESSION)
1 83. PREP(Q)Il-DEAT 8 PROBABILITY OF REPLY
1 84. C (1 -,TOTAL DEAD TIME)
1 85. C
1 86. C ANTENNA COUPLINGS BETWEEN TCAS IT N AND VICTIM AIRCRAFT FOLLOW. THE
1 87. C FACTOR OF 2a*27 SHIFTS BITS UP AND THEN BACK DOWN AGAIN TO RECOVER THE
1 88. C SIGN BIT&
1 89. Il1(FLD(0O9TJFILE(IQ*))*2**27) a TOPANTENNA GAIN
1 90. t2a(FLD(9,9,IJFILE(tQB))*2*h27) a BOTTOM ANTENNA GAIN
1 91. 13a(FLD(1B,9sIJFILECIQ,8))*2**27) U TOP ANTENNA GAIN
1 92. I1 a I11/2-27
1 93. 12 " 12/**27
1 94. 13 a 1312.*27
1 95. GS s 11/10.0 + 4.7 - 1.9 8 MODE S POWER ADJUSTMENT

A1 1 96. IF ((t3110.0#4.7-1.9).GT.GS) GS u 13/10.0 + 4.7 - 1.9
1 97. GV s 12110.0
1 98. GSUM s GS + GV 8 ANTENNA COUPLING.
1 99. IPOW 2 FLD(I7,lOICASFI(IItIQ )) 8 POWER COMPUTED BETWEEN TCAA II N 6
1 100. PUR z IPOW 2 VICTIM AIRCRAFT
1 101. PWR a -(PWRIIO.) + 1O.*ALOGIO(JTRANS(IQ)I1000000.)-0.7-O.5-3.0
1 102. C TCAS 'I N REPLY POWER:
1 103. IF (IJFILE(IQ,4).EQ.3) PWR a PWR - 2.2
1 104. PWR = PWR + GSUM a TOTAL POWER
1 105. IF (PWR.GE.JSENS(IHOLD)) THEN
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FRUITA

2 106. IF (ITT NE. 0) PLUT • 0
2 10?. C COMPUTE AND STORE FRUIT RATE:
2 108. FRIRAT s PREP(IQ)*!AOJIN(IQ) + PREP(1Q)*PLUI
2 109. FRUrIl() w FRUIT(II) • FRTRAT
2 110. END IF
I 111. 6000 CONTINUE

112. RETURN -
113. END

ENO FTN 351 HANK 1073 OBANK 33381 COMMON
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t iI ATPW

@FTNDS A.HIATPWA.
FIN 11RIiRI'A 0S30/85-13:15(6*)

1. FUNCTION HIATPWCNNSL)
2. -
3. a THIS FUNCTION DETERNINE THE'HIGHEST ATCABS W-S LEVEL SENT WHEN A TOTAL
4. * OF NWSL ARE TRANSMITTED.
S *

6. * FIND THE HIGHEST POWER LEVEL (IN OM) SENT
7. *

8. IHIPRt a 83 - NWSL +1 a PRIORITY OF HIGHEST LEVEL SENT

1 10. POWLEV a 49-- (IHIPRI + 2)14 a HIGHEST POWER SENT BY TOP FRNT ANTENN
1 11. ELSE IF( IHIPRI *LE. 80) THEN
1 12. POWLEV : 36 a HIGHEST POWER SENT IV BOTTOM
1 13. ELSE
1 14. POWLEV 2 36 - 2ZaIHIPRI - 00)
I 15. END IFI 1ft. *

1 I?. * CONVERT POWLEV TO WATTS1 18. *

-19. HIATPW 10O.**((POWLEV+6-30)I1O.) a POWLEV (OM) # 6 OBI - 30 DIHMTOMWN
20.
21. RETURN
22. END

END FTN 64 IBANK 210DBANK

dHOGP -aq FILES
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INTY

aFTNoS S.INIT*INIT
FTN 1111 OZ/2?/85-16:35C17,)

1. SUBROUTINE INIT
2. C
3. C THIS SUBROUTINE SETS UP INITIAL VALUFS FOR ALL THE COMMON
4. C VARIABLES TO BE USED IN THE MODEL. DETAILED DESCRIPTIONS OF ALL
S. C THE VARIABLES ARE CONTAINED IN THE DATA DICTIONARY OF THE TC4S
6. C SIGNAL ENVIRONMENT MODEL 8V-C. GILCHRIST AND G. PATRICK.,
7. C
8. INCLUDE RESTARTo LIST
9. C
I .t PARAM4ETER (NUAZE a 328)
2.1 C

k3.1 C THE LOGICAL VARIABLE PRINTP WHEN FALSEr WILL SUPPRESS ALL WRITE
4.1 C STATEMENTS IN TH-E-MODEL.
5.1 C
6.1 LOGICAL PRINT
7.1 DIMENSION, TJFILE(NUAIR,8),--I-JFILE(NUAIR.6), iCASFI(83*NUAII,1I)
8.1 COMMON /TCDATAJ 1111083)*-D0ENS(83)i
9.1 ? -IATXN(NUAIR),-IATSUCNUAIi0), tOASN(NUAIR)o IOABS(NUAIR)

10.1 EQUIVALENCE CTJFILE*IJFILE)-
11.1 COMMON ICASI ICASFIP TJPILE,*--NACP Ile PRINT
10. COMMON 1ADJSENI- SESIT(83) -
11. COMMON IANTENNt AZPATC36),-'OIFPAT(36)-
12. COMMON IANTbI-PASTOP(19)P PASBOIT(19)
13.- COMM4ON /ANITI -ANITTOP (19)o; ANTSOT(19)
14. COM4MON IATE/ ORATE(83)
15. COMMON IBBBEARI--TLAT. TLDNP,'-RLATP ALON, DIST* BEARI
16. COMMON 1DPLYTTIIATCR# lOA6., ITCA
I?. COMMON IFRUTI-FRUIT(83)
Is. COMMON IILMSI -KCARR(83),- ANSP(83)p INESET(83)
19. COMMON /LEVELI-ISETAP JMAXi, KMAX# TPOWP PH4AX
20. COMMON 1LEVEL21I ICHEK
21. COMMON IMISADI MXS(NUAIR)
22. COMMON JONTI'OINTRT(NUAtA), UPRATECNUAI1R),p AMEANC200)o ASOE(200)
23. COMMON IRATEI IAOJIN(NUAIR), IAOJSUCNUAtR)
24. COMMON lItCACQI -ITRILIC6), ITR-IL2(6)., ITR-IL3(6)o 1Tft1L4C6),-
25. 1 -IROLCIO)
26. COMMON IRDLACOV-ROLSUN, ACQSUN, OORSUM, MROLo MAO* MOOR, MSG,
27. 1 NULL
28. COMMON /SENS/ J-SENS(NUAIR)
29. COMMON /SETAI ADRESS(NUAIR)-
30. COMMON /SINT/ LPLUSP K* 1105(100)
31a COMMON /SMOOTHIcNOWCS3)p TI-S(83)* TPSCS3)
32. COMMON ISURVI-ITRACK(83,SO)
33. COMMON ITCAAI NUMTCA
34. COMMON ITCRAT1/ ATCRAT(MUAIR).
35. COMMN ITEMP/ iTME
36. COMMON ITPREPLI PREP(NUAIR)--
37. COMMON ITRANI -TCSTCS3)
35. COMMON ITRAX/ JTRANS(NUAIR)
39. COMMON /NSCAR1 ILWSC83)
40. COMMON /WSHOUT/ IPRF(24)p IPRS(40)# IPRB(1S)o IPRSOTC4)o
41. 1 IPOWF(24)v IPOWS(41)* IPOWSC15)o IPOWBOMA
42. C
43. 00 200 1Is 83

1 44. SESTT(t) a 0
1 45. ORATSCI) z0.
1 46. FRUIT(l) a 0.
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INIT

1 47. KC409(t) s83
1 48. AMSP(I) a0.

49. IRESETCI) a 0
1 0. NOW(l) a 0
1 51. UISC?- 0.
1 2. TpsCKI) X 0.

1 53. 1111(t) a 0
1 54. -TCSTCI) a 0.
1 55. ILWSCI) a 0

1 56. OENSCI a 0.
ST5. IF (I .LT. 42) IPOWSCIM 0

1 59. 00 300 J aIfNUAIR
2 60. ICASFI(I*J*I) a 0

9 61. 300 CONTINUE
1 62. 00 375 j aIf 500
2 64. ITRACK(I*J) a0
2 64. 35 CONTINUE
1 65. 200 CONTINUE.
1 66. C

67. 00 400 1 a If NUAIR
6 8. NISCI) a 0

4 1 69. OINTRTCI) 0.
1 70. -UPRATECI) a0.
1 71. IAOJIN(I) 0
1 72. IA OJSU(I) a0
1 73. JSENSCI) a 0
1 ?4o AORESSMI 0.
1 75. ZATINCI a 0
1 76. IATSUCI) u 0
1 ?7. IOAUN(I) a
1 78. IOASS(I a 0
1 79. -ATCRAT(I) *0.

I 80o PREPCI) a 0.
I 81I. JTRANSCK) -0
1 820 :00 -500 j I* a
2 53. TJFILE(tjJ) 0.
2 84. 500 CONTINUE
1 as. 400 -CONITINUE

1 6. C
87. 00 600 1 a If 200

1 5. -ANEANCI) 0.
1 89. ASOECIM 0.

1 90. -IF (I .LE. 100 TOSCI) a0
1 91. 600 CONTINUE
1 92. C

93. 00 700- I a 1* 24
1 94. IPOWFMI a 0
1 95. IF CI*LE.15) IP0OSBM 0I1 96. 700 CONTINUE

1 97. C
93. TLAT a0.0

99. TLON 0.0
100. ALAT a0.0
101. RLON a0.0
102. DIST *0.0
103. SEARTX a0.0
104. NAC a 0
105. IATCR a0
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106. 10*5 m 0
10?. XYCA a 0
108. ISETA a0
109. JMAX a 0
110. KIIAX a0

Ill. TPOW 0.0
112. PHAX a0.0
113. ICHEK a0
114. NOLSUR 0.0
115. ACOSUM a0.0

1116. DORSUN 0.0
117. MROL a 0
118li. -MAO a 0
119. -MOOR a 0
120. -"SQ a 0
121. -NULL a 0
122. LPLUS a0
123'. -K z 0
124. NUNTCA a 0
125.b ITIME a 0
126. C
12?. DATA ATO()I11)-1i-63-.,6,-.-3O-O00

129. DATA (ANTOT()Iu1.9)-32.0-31.0-25.0-21.0,-18.o,-17.O,-16.0,

131. DATA (TTRILI Mol1a-1s61,3,30*0#01

132. DATA (ITIL2C),IaI.,6)12,2,.0,0,0/*0
134. -DATA C 1TRIL3(l).Il)114*,04#041
135. DATA (IROLCI),Z.1.10l)15,o4.3,2,2.2,2,2,2,2I
136. -DATA (AZPAT(X)o,1ui,36)I0,O.,0eo.,1,.4oI9,1.2.2.1.

137.

139. DATA CIPTIpu,612g2,2,3,3,1..6,.3s.

142. DATA PS0C)119)31.-6.-85-.-031320.,
143. 2 ,0-0S3.,?01I0-4S-70-80310-20
144. DATA (A8TI.a.9/3.,3..,S0-70~45~lO~.
145. *-.,051.,~525201.,O3-..S5-63-13
146. DATA (IPRFCt),Ili24)1,S,9,13,1?7,21,25,29-,33,3?,41,45,49,53
147. -,57,61,64,6?,70,73,76,77,78,79I
148. DATA CIFRSCX),Isi,40)j2,3,6,7,1O,1,U4i,15,1.922,23,26,2?.
149. *30.31,34,35,38,39,42,43,46,4?,50,51,54,55,58,s9.,62,63,65,r66*
150. *68*69,?lv?2,74v7S1II 151.* DATA (IPR8(I),1u1,15)/4,S,12,16,,20,24,28,32,36,4044,4, 52,56p60I
152. DATA CPITXa,)8,18,3
153. BATA CIPOWID(1),Il,0)I0, 0, 0, 0/
154. RETURN.
155o END
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INPUT q

gIFTNS B.INPUT'?NPUT
FYN 11It 02/27/BS-1.6:35(9p)

1. SUBROUTINE INPUT
2. C

43. C THE FUNCTION Of THIS SUBROUTINE IS TO LOAD CHARACTERTICS PRON L. A*
4. C BASIN MODEL AND RATES GENERATED FROM DABSI ATCRSSI AIMSI PPM FOR
5. C EACH TRANSPONDER.
6. C
7. C INPUTS I OUTPUTS
so C
9. C COMMON $LdCKS I VARIABLES

10. C INPUTS OUTPUTS DESCRIPTION-
11. C
12. * CAS IIJFILE TYPE OF EACH AIRCRAFT
13. C MAC NUMIER-OF AIRCRAFT
14. C TJFILf AIRCRAFT CHARACTERISTICS
is. C OPLYNT I ITCR NUMBER -OF AICUIS A/C
14. C IDAI NUMBER OF-MODE S A/C
17. C ICA NUMBER OF _TCAS II N AIC
Is. C RATE IIAOJIN INTERROGATION RATES FOR EACH AIC
19. C IADJSU SUPPRESSION RATES FOR EACH A/C

VI,20. C
21. INCLUDE RESTARTPLIST

1:1. PARAMETER CNUAIR a 328)

13.1 C THE-LOGICAL VARIABLE PRINT, WHEN FALSE, WILL-SUPPRESS ALL WRITE

4.1 C STATEMENTS IN THE MODEL.
6.1 LOGICAL PRINT
7.1 DIMENSION TJFILECNUAIRPB)o IJPILE(NUAIRB), ICASFIC83rNUAIR,1)I~3 .! COMMON ITCOATA/ 1111(83)* DENSCI3),
9.1 ? 'IATINCNUAIR)p tATSU(NUAIR)o IDASN(NUAIR)o IDAUS(NUAIR)

10.1 'EQUIVALENCE (TJFILfsZJPILE)
11.1 COMMON-ICASI ICASFI# TJFILE, MAC, II, PRINT
22. DIMENtSION 'IATINR(NUAIR),ISUPRT(NUAIRt)
23. COMMONIRATEIIAOJIN(NUAIR),IAOJSU(NUAIR)
24. CHARACTEAe4 SoE*TYPEPLATI,LONB
25. -EQUIVALENCE CTYPEoITYPE)*C(NACoN)
26. CONNONIOPLYMTlIATCR#IDAI.ITCA
27. DATA S2R/4.8481368E-61 a SECONDS TO RADIANS
2B. DATASE15'.EIfl
29, NAC=D 8 AIRCRAFT COUNTER.
30. RATIO8.420 9 THIS NUMBER IS (ROUGHLY) THE
31. C PERCENT OF THE TOTAL DEPLOY-
32. C MENT DESIRED. CHANGE THIS
33. C NUMBER TO CHANCE THE SIZE OF
34. C *THE DEPLOYMENT.
35a 00 100 Lai#NUAIR a READ IN ATC RATES FROM
36o C DABSIATCRBSIAIMS PPM

1 37. REAO(8,1)IATINR(L)IoSUPRT(L),pIALATDALON 9 INTERROGATION* SUPPRESSION.
1 38. C LATIT UDE# LONGITUDE
1 39. 1 FORNMCOX0211002F1064)
1 40. C
1 41. C READ THE TRANSPONDER CHARACTERISTICS FROM THE L. A. BASIN MODEL

1 42. 2 REAOC5,2OENO*14O)LAOLAMLASLATBLODLCONLOSLONBALTTYPE,
1 43. D X.oT.DZ

1 44. 20 FORMATC3I2,h1, 13,2l2,A1,3X.FB.O,9XPA4,1XjF6.4,lX,-F6.4.1E.FB.4)
1 45. CALL RANNCRAN) 0 RANDOMLY ELIMINATE AIRCRAFT
1 46. IF(RAN.GE.RATIO) GO TO 2 2 FROM DEPLOYMENT TO PRODUCE
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INPUT

1 47. C LOWER DENSITY DEPLOYMENTS*
1 48. IN.
1 49. CALL FASCFOEPTTPEPTYPE) 8 CONVERTS TYPE FROM ASCII TO
1 5. c IELOATA.

1 51. CALL CNVRT(ITIOE) a CONVERTS TYPE PEON PIELDATA
1 52. C TO INTEGER.
1 53. RLATuC(LAO13600)*(LAN.60)4LAS)*S2R 0 LATITUDE IN RADIANS.
1 54. RLON.((LOD*3600)*(LON*60),LOS)*S2R I LONGITUDE IN RADIANS.
1 55. IP(LATSC1:1).EQ.S(1:1))RLATu-RLAT a DETERMINE LOCATION
1 56. C (NIS AND EIW).
1 57. IFCLO3NI(1:1).EQ.E(1:1))RLONu-RLON
1 58. NmNAC$1 0 COUNT A/C
1 59. C
1 60. C LOAD POSITIONP VELOCITYP AND TYPE OF EACH TRANSPONDER*
1 61. C
1 62. TJFILE(N,1)sRLAT 8 LATITUDE
1 63. TJFILE(N*2)aRLON 2 LONGITUDE
1 64. TJFILECN,S)=ALT- 8 ALTITUDE
1 65. IJFILE(N*4)nITYPE & TYPE OF TRANSPONDER
1 66. TJFILE(N#S)uOX & OX (WESTWARD VELOCITY)
1 67. TJFILE(NP6)wDY 8 DY (NORTHWARD VELOCITY)
1 68. TJFILE(N,7)uOZ a DZ (UPWARD VELOCITY)
1 69. IF(IJFILECN#4).EQ.O) IATCRNIATCR+t U -COUNT ATCRSS TRANSPPOERS.
1 70. IP(IJFILECN,4)wEQ.1) ICABuIDAa*1 8 COUNT MOD! S TRANSPONDERS.
1 ?1. IF(lJFILE(N,4).EQ.3) ITCAuITCA~l B-COUNT TCAS TRANSPONDERS.
1 ?2. IADJIN(N)aIATINR(N) 8-LOAD INTERROGATION RATES
1 73. C FROM UABSIATCRS/AIMS PPM.

1 ?41 IAOJSU(N)*ISUPRT(N) a LOAD SUPPRESSION-RATES
1 75. C PROM4 OAGSIATCIS/IMS PPM.

? 6. C
1 ?. 100 CONTINUE

78. 140 CONTINUE
79. RETURN
80. END

*NON-STO-USAGE 3128 ITYPEO EQUIVALENCED TO A NONCHARACTER ITEM

END PTN 1 NON-STO USAGES 183 18ANK 796 OSANK 31988 COMMON
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&FTNS A.INTLI
FTN lRliRlA Oo/01185-1i:05(37o)

1. SUOROUTINt INTLI
2. C
3. C THE PURPOSE OF THIS SUBROUTINE IS TO CHECK THE AMOUNT OF TCAS II N
4. C INTER4ObATIONS SFNT (IAUTH MOIf S AND ATCNBS)o AND TO DETERMINE
S. C IF ANY OF THE THREE INTERFERENCE LIMITING INEQUALITIES ARE
6. C VIOLATED. IF VIOLATLD, POWER AND SENSITIVITY ADJUSTMENTS ARE
7. C POSSIBLE ACCORDING TO INTERFERENCE LIMITING PROTOCOL. THiS
4. C SUBROUTINE WAS MUDELED ACCORDING TO THE MINIMUM OPERATIONAL
9. C PERFORMANCE STANDARDS (MCPS).

10. C

11. C * &*I.*****& INPUTS I OUTPUTS **********baea*e*ee*** ...e***
12. C

13. C COMMON BLOCKS I VARIABLES
14. C INPUTS OUTPUTS DESCRIPTION
15. C
16. C "ADJSEN I SESIT SESIT ADJUSTED SENSITIVITY LEVELS OF TCAS It
1?. C CAS I t TCAS I M IDENTITY
1. 'C ILMS, ANSP AASP ADJUSTED POWER LEVELS OF TCAS 11,'1
19. C IRESET IRESET 16-SECOND FREEZE COUNTER
ZO. C NWSL 0 W-S LEVELS EACH TCAS It N IS USING
21. C SENS I JSENS SENSITIVITY LEVELS-OF ALL AIRCRAFT
22. C SMOOTH I NUW NOW NUM'ER OF TCAS 11 N DETECTED
23. C TS SMOOTHED EMISSION POWERS,
24. C AVMSPW SMOOTHED TOTAL MODE S POWER
25. C TCOATA I 1111 TCAS 11 M POINTER FILE
26. C TEMP I ITIME ELAPSED TIME
2.. C TRAX I JTRANS TRAkSMISSION POWER OF ALL AIRCRAOT
23. C
29. C
30. PARAMETER C PMATCH a 1O.**( (3.0-4.7)/10.)) a FACTOR-FOR MODE S POWER
31. PARAMETER ( PMSFAC 10.**((-4.7)110.)) a MODE S POW AT ANTENNA
32. PARAMETER ( ONEOB a I0.**(.1) ) B DEFINE I D9
33. k
34. INCLUDE RESTART#LIST
1.1 PARAMETER (NUAIR a 743)
2.1 C
3.! C THE LOGICAL VARIASLE PRINTP WHEN FALSE* WILL SUPPRESS ALL WRITE
4.1 C STATEMENTS IN THE MODEL.
5.! C
6.1 LOGICAL PDISMOPINTLIPTCSMTPATMOOPDISINoPFILESjPFRUtT.PSTATS
7.[ COMMON IPRToLI PDISMUPINTLI.PTCSMTPATMOO.PDISINPFILESPFRUIT
3.1 2 PSTATS
9.! *f

10.1 DIMENSION TJFILE(NUATR.8)o IJFILE(NUAIR,8)o ICASFI(S3#NUAIRPI)
11.! COMMON ITCDATAI 1111(83), DENS(CS)p
12.1 ? IATINCNUAIR), IATSU(NUAtR)o IDASN(NUAIR)p IDABS(NUAIR)
13.1 EQUIVALENCF (TJFILE.IJFILE)
14. COMMON /CASI ICASFI, TJFILEu MACo II. PRINT
35. INCLUDE TEMPLIST
1.1 COMMON /TEMPI ITIME

36. INCLUOL ILMS.LIST
1.1 COMMON IILMSI NWSL(13)p AMSP(83), IRESET(83)o ATSUNP(O:93)o
2.1 2 IRETRNP TPOW

37. INCLUDE SMOOTtLIST
1.1 COMMON /SMOOTHI NOW(83)v AVMSPW(83)PTIS(83)

34. INCLU3E A;,JSENLIST
1.1 COMMON /AOJSEN/ SESIT(83)
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39. INCLUDE ATFE*LIST
1.1 COMMON /Att/ DRATL(33)

40. INCLUOE TRAXELI17
1.? COMMON /TRAXI JTRANS'(NUAIR)'

41. INCLUDE SENS*LIST
42.- a

1.I. COMMON ISENSI JSENS(NUAIR)
44. 1O a 1111(U) & II OF TCAS It N OF INTEREST
45. IRESET(II)UIRESETCII)-l a DECREMENT FREEZE CLOCK
46. RSEQ1 a 7.E*411 + NOJCII) ) 0 25OW * 280 A/Ci (1 NOF TCAS DET BY SO)
47. RSEO3 a 2.E*41(1 + NO(h) ) a 2SOW * 80 A/C / (1 *NOW)
48. *

49. * POINT 1: ELIMINATE N-S STEPS TO STASIFY E4UATION 3
50. *

1. 10 IF( ATSUMP(NMSL(II) ) .GT. RSEQ3) THEN
52. IF( NWSL(Z) *EQ. 0) THEN a CHECK IF ANDY N-S STEP ARE LEFT

2 51. IRETRN * 0
2 54. RETURN
2 55. END IF
1 56. NWSL(II) z NNSL(II) - 1 a REMOVE 1 -S LEVEL
1 $7. GD TO 10 a-RECHECK EQUATION 3
1 58. END IF
1 59. .
1 0 * POINT 2: CHECK TO SEE IF 1§ SEC FREEZE ON MODE S VARIATIONS IS ON1 sl.

02. IF( IRESET(II) ,GT. 0 *AND. ITINE .GT. 15) THEN
1 63. IRETRN a 1 a SEE FIGURE 3-3
1 64. RETURN.
1 5. ELSE d FREEZE IS OFF
1 0.7. POINT 3: CHECK EQUATIONS 1. AND 3

1 08. * "

i C19. 20 TMSPOW a-AVMSPW(II)*PMSFAC a AVERAGE RATE * AVERAGE POWER (IN WATTS)
1 70. TATPOW aL-ATSUMP( 'NWSL(II). ) a 'TOTALATCRBS POWER
1 71. TPON - TMSPO + TATPOW d TOTAL POWER RADIATED IN LAST SECOND
1 72. LSEQ2 a 60*NWSL(I), .O0*N T(TIS I ) a 0 OF USEC OF SELF-SUPRESSION
1 73- D* , T
1 74. IF( TPON *LT. RSTU1 .AND. LSEQ2 *LT. 10000)THEN a EQUATIONS 1 AND 2I 75. '

1 76. * POINT 4: CHECK TO SEE IF MODE S RANGE ) ATCRBS RANGE. SINCE THE RANGE IS
1 77. * DIRECTLY PROPORTIONAL TO THE TX POWER* AND THE ATCRSS SENS IS 3 O0s MODE S
1 78. * SENS* THE EQUIVALENT CHECK IS TO SEE IF MODE S POW + 3 OB > HIGHEST ATCRSS -$-S
1 79. #''LEVEL SENT. A FACTOR OF 4.7 05 MUST BE SUBTRACTED-FROM THE MODE S POWER STORED
1 80. * IN AMSPCII) TO -ACCOUNT FOR CABLE -OSSES AND ANTENNA GAIN ON THE HORIZON. THIS
1 d1. k FACTOR MINUS -THF 3,0D DUE TO SENSITIVITY DIFFERENCES IS THE PARAMEJER PMATCH.
1 82.
z 03. IF( AMSP(II)aPMATCH *GT. HIATPW(NWSLCII)) ) THEN

3 4.
2 is. * POINT 5: ADrO i N-S LEVEL AND RECHECK EQUATION 3
~. j6.
3 b?. IF( NdSL(I) .EQ. 83)THEN, 8 ALL W-S LEVELS SENT
4 58. IRETRN a 2 a SEE FIGURE 3-3
* 59. RETURN
4 90. ENJ IF
3 91. TATPOw z ATSUMP( NWSL(II) +1) a ADD W-S LEVEL
3 2. IF(TATPOW .LE. RSEQ3) THEN

3 94. * POINT 6: CHECK IF ADDING A W-S LEVEL VIOLATES EQUATIONS I OR 2
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4 IPtOW & TATPOW 4 TMSPOW
4 9?. IFCiPOW .(of. RSEQ1 OR. LSEQ2+60 ,GT.1OO00)TMEN
5 vd. [RETRN a 3 a SEE FtGURE 3-31
5 vq, ReTURN a POINT ?
5 1U4. ELSE

5 I, NJSLCII) NWSL(II) + a & POINT 6
5 102. 4. TO z a GO TO POINT 3
5 10s. END IF a END FOR POINT 6
4 1 .)' END IF a END FOR POINT 5
3 105. END IF a END FOR POINT 4
3 106.
3 10?. & POINT V: CHECK TO SEE IF NODE S RANGE CAN UE INCREASED
3 104. *
2 109. POWMS a JTkANS([0)I1000. a MAX MODE S POWER IN WATTS
z 110. IF( AMSP(II) .Lr. POMMS)THEN a INST POW C MAX POW
3 Ill. ANSPCZI) = AKSPCII) k ONEDS a 1 08 INCREASE IN POWER
3 11. SESIT(II) a SESITCII) - -1. a 1 OS DECREASE tN MTL
$ 113. IkESET(II) a 16 a POINT 15 RESET FREEZE
s 114. [INN S

3 1IS. RETURN
s I11. ELSE

117. IRETRN 2 5
3 11u. RETURN a POINT 11

117. END IF
120. *

1 121. ELSE i COME HERE FROM POINT 3 IF IT IS FALSE
2 122.
2 12. * POINT 12: DOES NUDE S RANGE EXCEED ATCRBS RANGE ?
2 12'.. *
2 1/5. ATPW a HIAIPW(NWSL(II)
2 l20. AKSPW a AHNP(SI) h PMATCN
2 127. C PITE(6*lb)AMSP(II)#AMSPWoATPW
2 12d. 16 FORMATO IN INTLI LINE 125: ANSP ANSPW ATPWU3F.I)
2 129.
2 10. IF( AKSP(II)*PNATCH ,GT. NIATPWCNWSL(It)) ) THEN
3 ll. AMSP([) a AMSP(II) I ONEDS & 1 08 DECREASE IN POWER
3 132. StSITCII) a SESIT(II) +-1. 0 1 0 INCREASE IN ML
3 133. IRESET(I) a 16 a POINT 15: FREEZE MODE S
3 134. IQETRN x 6 a SEE FIGURE 3-3
5 155. RETUAN

136. FLSE
3 It. NWSLMI) = NWSLCII) - V a POINT 14: DELETE 1 W-S LEVEL
3 13s. IF( NWSL(1I) .EQ. O)THEN a NO W-S LEVEL LEFT TO DELETE
4 139. WRITE(6ph)4IN INTI:- ALL N-SOP
4 10O. 6 LEVELS DELETED FOR TCASIs*'IZ
f 141. ZRETRN a 7
4 1.2. RETURN
4 143. END IF

144. GO TO 20 a GO TO POINT 3
3 145. END IF

146. END IF a

1 147. ENO IF

149. RETURN
150. END

END FTN 32S [SANK 99 OBANK 72999 CU'4CN
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LOAD

aFTNS f.LOADPLOAD
FTN l1ii 02/271SS-16:35(I5,)

1. SUBROUTINE LOAD
2. C
3. C THE FUNCTIONS OF THIS SUBROUTINE ARE:
4. C i. TO UPDATE AIRCRAFT POSITIONS
5. C 2. TO COMPUTE THE HEADING OP eACH TCAS
6. C 3. TO UPDATE NODE S TRACK ARRAY (I TRACK)
7. C 4. TO LOAD ARRAY BETWEEN TCAS AND VICTIM AIRCRAFT (ICASFt)
a. C .THAT CONTAINS POWERP RANGE, BEARING# AND-TYPE
9. C S. TO COMPUTE THE AIR TRAFFIC DENSITIES ABOT EACH TCASo

10. C
11. C **...*a*a~~**INPUTS I OUTPUTS a*.aa*IIa**o**
12. -C
13. C COMMON BLOCKS I VARIABLES
14. C INPUTS OUTPUTS DESCRIPTION
15. C
16. C CAS JI ICASFI TCAS It N ENVIRONMENTAL FILE
17. C MAC NUMBER OP AIRCRAFT
18. C TJFILE A/C CHARACTERISTICS FILE
19. C SURY I ITRACK ITRACK NODE S TRACK FILE
20. C TCAA I NUATCA NUMBER OF TCAS It M AIRCRAFT
21. C TCDATA I DENS A/C DENSITY ABOUT EACH TCAS It A
22. C 1111 TCAS-11 N POINTER FILE
23. C TENP IITIME ELAPSED TIME IN SIMULATION
24. C
25. C
26. LOGICAL ZERO-
27. COMNON/BBBEAR/TLATTLDNRLATRLON,,DISTBEARTX
28. INCLUDE RESTARTLIST -
lot PARAMETER (NUAIR a 328)
2.1 C
3.! C THE LOGICAL VARIABLE PRII Tv WHEN FALSE, WILL SUPPRESS ALL WRITE
4.1 C STATEMENTS IN THE MODEL.
5.1 C
6.1 LOGICAL PRINT
7.1 DIMENSIONzTJFILECNUAIRBO)o tJFILE(NUAIR,8O)o ICASFI(83,NUAIR*I)
8.1 COMMON /TCDATAI 1111(63)o DENS(13)*
9.1 IATIN(NUAIR)* IATSU(NUAIR)v. IDAIN(NUAIR), IDABS(NUAIR)

10.1 EQUIVALENCE CTJFILEsIJFtLE)
11.1 COMMON /CASI ICASFIP TJFILE* MAC* Its PRINT
29. COMMON/SUE V/ITRACKCB3, 500)
30. COMMON/TEMP/ITIME
31.* COMMON/TCAA/NUNTCA
32. DIMENSION THETA(83)
33. DEFINE FLD(!,JPK)a BITS(KotIPJ)
34a CF a 0.0002909 a CONVERTS NAUTICAL MILES TO
35. C RADIANS.
36. 1IF(tTIME.NE.O) THEN
37. C
38. C UPDATE A/C POSiTIONS EVERY FORTY SECONDS.
39. C

1 40. DO 310 KR a lo MAC
2 41. OLAT x TJFILE(KRP1)
2 42. TJFILECKRvl) = TJFILECKRP1) + CTJFILf(KRo6)*CF)*4O.
2 43. TJFtLE(KRP2) a TJFILECKR,2)+(TJFILECKR,5)*CF/COS(QLAT))'40.
2 44. TJFILE(KR,3) = TJFILE(KR,3) + TJFILE(KRPY)*40.
2 45. 310 CONTINUE

1 46. END IF
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eab LOAD ***

1 47. C
1 48. C LOADIUPOI.E ARRAYS.
1 49. C

50. DENSU x 0. 8 ZERO OUT DENSITY COUNTERS
51. DENSU1 n 0.
52. DENSUS a 0.
53. DENSU3 x 0.
54. DENSS a O.
$5. OENS30 a 0.
56. 00 300 I a I, NUNTCA 8 LOOP OVER ALL TCAS II N AIC
57. C
58. C COMPUTE HEADING OF TCAS II N
59. C

1 60. IN a 1111(I)
1 61. THETACI) a ASIN(TJFILE(IH,6)1((TJFILE(IH5,)**2 +
1 62. 1 TJFILE(IH.6)**2.)**O.5))*57.2957
1 63. C
1 64. C THE FACTOR OF 57.2957 IN THE ABOVE EQUATION CONVERTS-THE ANGLE FROM
1 65. C RADIANS TO DEGREES.

-1 66. C
1 67. C -THE ANGLE THETA ABOVE WAS COMPUTED IN THE FOLLOWING COORIOINATE SYSTEMS
1 68. C DUE WEST IS 0 DEGREES* DUE-NORTH IS 90 DEGREES. EAST IS 180 DEGREES*
1 69. C AND SOUTH Is 2?0 DEGREES. HOWEVER THE COORIDINATE SYSTEM WE WISH TO
1 70. C WORK IN IS-AS POLLOdS: NORTH A1 0 DEGREES, WEST AT 90, SOUTH AT 180v
1 71. C AND EAST AT 2?0. THE CALCULATION ABOVE ALSO ASSUMES THAT THE PLANE
1 72. C IS HEADING WEST* SO TO CORRECT THESE PROBLEMS. WE MUST SUBTRACT THE
1 73. C ABOVE ANGLE FROM 90 DEGREES* AND IF IT IS HEADING EAST SUBTRACT THAT
1 74. C ANGLE FROM 360 DEGREES. WHICH RESULTS IN ADDING 270 TO IT. (NEW
1 75. C THETA % 90 - THETA. AND EAST -THETA a 360 - NEW THETA a 360 - (90-
1 76. C TH$ETA) a 270 + THETA.)
1 77. C
1 78. YAW a 90. - THETACI)
1 79. IF (TJFILE(IHS).LT.0.) YAN a 270. THETA(I)
1 80. THETACI) a TAW*3.141591180. 3 3.141591180 CONVERTS THE
1 81. C ANGLE BACK INTO RADIANS
I a2. NAXNAC a 0
1 83. TLAT a TJFILE(IH*1) 8 TCAS IIM LATITUDE IN RADIANS
1 84. TLON u TJFILE(IH2) a TCAS IIN LONGITUDE IN RADIANS
1 85. ALTI u TJFILE(IH.3)l6076.O 9 TCAS IIN ALT IN NNI
1 86. C
1 87. C LOOP OVER ALL AIRCRAFT
1 88. C
1 89. 00 500 J a o NAC
2 90. ICASFI(IpJpl) a 0
2 91. IF (IH.EQ.J) GO TO 500 a DONIT SELECT THE ICAS II N AS
2 92. C THE VICTIM AIRCRAFT.
2 93. RLAT a TJFILE(JPI) 8 UPDATE VICTIM AIRCRAFT
2 94. C LATITUDE (RADIANS).
2 95. RLON x TJFILE(J*2) a UPDATE VICTIM AIRCRAFT
2 96. C LONGITUDE (RADIANS).
2 97. ALTZaTJFILE(J,3)I6076.0 a VICTIM AIRCRAFT
2 98. C ALTITUDE (NI).

2 99. CALL BEAR 8 COMPUTE RTHETA OF VICTIM
2 100. C AIRCRAFT.
2 101. BEARTX x BEARTX * 40.
2 102. A x DIST 2 HORIZONTAL DISTANCE
2 103. C (NAUTICAL MILES).

2 104. 1 a (ALTI - ALT2) 8 DIFFERENCE IN ALTITUDE

2 105. C (NAUTICAL MILES).
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2 106. C z CSQRT(A*A 4 B*B))*l0. a STRAIGHT - LINE DISTANCE
*2 107. C (SLANT RANGE).

2 108. SLTRG z C + 1. a IN TENTHS OF NAUTICAL MILES
2 10.IF (IJFILE(J#4).EQ.O) GO TO 5004 a IF MODE S OR ICA$ It M A/C*
2 110. C UPDATE TRACK FILE
2 Ill. OzABS(*1.15*5280.)
2 112. IF ((SLTRC .LE. 500) .AND. CS *LT* 1.48)) THEN
2 113. C LOAD NEW AIRCRAFT
3 114. ZERO a .FALSE-
3 115. 00 1200 IX a 1. 500
4 116. IF (FLDO1OITRACK(I.IX)).EQ.J) GOTO 1201
4 117. IF C(ITRACKCIIX).EQ.O).AND.(.NOT.ZERG)) THEN
S 11e. ZERO a .TRUE.
5 119. JA X IX
S 120. END IF
4 121. 1200 CONTINUE
3 122. FLD(Ovl10,ITRACK(I*J1)) a J
3 123. 1201 CONTINUE
3 124. ELSE 8 ELIMINATE FROM MODE S TRACK
3 125. 00 5001 It a 1& 500 8 FILE ALL AIRCRAFT BEYOND 5D
4 126. IW 2 FLO(0,10,ITRACKCI#IZ)) a NMI OF ICAS It N.
4 127- IF (IM .EQ. JA ITRACK(IoIZ) 30

4 128. 5001 CONTINUE
3 129. ENO IF
2 130. 5004 CONTINUE
2 131. C
2 132. C UPDATE TCAS ENVIRONMENTAL ARRAY
2 33. C
2 134. C IN THE FOLLOWING PROPAGATION LOSS EQUATION:
2 135. C 37.80. CONSTANT ADJUSTMENT '=ACTOR--FOR THE UNITS
2 136. C 1030 a UPLINK FREQUENCY IN MEGAHERTZ
2 137. C SLTRG110 a THE SLANT RANGE IN NNI
2 138. C 3.0 aCABLE LOSS
2 139. C 60.0 sCONVERSION FROM KILOWATTS TO MILLIWATTS
2 140. C
2 141. AP a37.80*20.*ALOG1OCIO3O.)*20.*ALOGIO0(SLTRtGIIO.)43.0-60.
2 142. PRit (-AP)t10. S LOSSES WITHOUT ANTENNA
2 143. C COUPLINGS.
2 144. IF CSLTRG.GE.S00) ZCASFI(I#J*I) a 0
2 145. IF (SLTRG.LT.500) THEN
3 146. IF (A.LE.10.) NAXNAC a MAXNAC + 1 B COUNT THE AIRCRAFT WITHIN
3 147. C 10 NMI OF TCAS TIM.
3 148. IX x INT(SLTRG) 8 RELATIVE RANGE.
3 149. 1Y a INT(SEARTX) a RELATIVE SEARING.
3 1S0. 11 a INT(ABSPR)) 8 RELATIVE POWER.
3 151. FLODOO9oICASFICIrJ#1)) z IX 8 LOAD RANGE.
3 152. FLO(17vI0.ICASFI(I#J~l)) aIZ a LOAD POWER.
3 153. FLO(34o2,ICASFICI*J,1)) a IJFILECJ*4)
3 154. TEMPI * (1Y/40.) - THETACI
3 155. IF (TENP1.LT.0) TEMPI x TEMPI + 6.28318
3 156. TEM4P x (TEMPI/0.0981?S) + 1
3 157. MSEC z INTCTENP)
3 158. IF (MSEC.EQ.O) KSEC aI
3 159. FL0(27.?oICASFI(IfJf1)) a MSEC
3 160. IF (MSEC.GT.65) FLD(27,r7,ICASFIIPJ.1)) z 64
3 161. THE = TEMPI*40.
3 162. FLln(9,8#tCASFI(I,-J,1)) *INT(THE) 2 LOAD BEARING OF VICTIM.
3 163. END IF a END VICTIM ALE FILE.
2 164. 500 CONTINUE
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0.. LOAD **

2 165. C
2 166. C COMPUTE LOCAL DENSITY ABOUT TCAS II H
2 167. C
1 168. DENSCI) a MAXNAC/(3.14159*100.) 9 AIR TRAFFIC DENSITY
1 169. C WITHIN 10 NAUTICAL MILES.

1 170. C
1 171. 300 CONTINUE 9 END TCAS AIRCRAFT.

172. RETURN
173. END

ItEND FYN 517 ISANK 206 OSANK ?2837 COMMON

A
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*1* PRESET

SFTNPS B.PRESET*PRESET
FTN 1111 0/27185-16:35(47,)

1. SUBROUTINE PRESET

3. C THE PURPOSE OF THIS SUBROUTINE IS TO APPROXIMATE THE INTERFERENCE
4. C LIMITING EFFECTS ON EACH TCAS AIRCRAFT.
5. C THIS SUBROUTINE IS ONLY CALLED FOR 1ITINE a 00

.

6. C
7. C INPUTS I OUTPUTS
B. C
9. C COMMON BLOCKS I VARIABLES

10. C INPUTS OUTPUTS DESCRIPTION
11. C
12. C ADJSEN I SESIT TCAS 11 N SENSITIVITIES ADJUSTED
13. C TO CONFORM TO I-L EQUATIONS
14. C CAS I TJFILE AIRCRAFT CHARACTERISTICS FILE
15. C OPLYMI I IAB NUMBER OF MODE S AIRCRAFT
16. C ITCA NUMBER OF TCAS 11 M AIRCRAFT
17. C ILMS I AMSP TCAS 11 M IRANSMISSION POWER.
18. C ADJUSTED TO SATISFY I-L EQNS.
19. C SENS I JSENS AIRCRAFT SENSITIVITY LEVELS'
20. C SURV I ITRACK MODE S TRACK FILE
21. C TCAA I NUMTCA NUMBER OF TCAS AIRCRAFT
22. C TCOATA I i111 TCAS It N POINTER FILE
23. C TRAX I JTRANS AIRCRAFT TRANSMISSION POWERS
24. C
25. C
26. INCLUDE RESTARTPLIST
1.1 PARAMETER (NUAIR a 328)
2.1 C
3.1 C THE LOGICAL VARIABLE PRINT, WHEN FALSE* WILL SUPPRESS ALL WRITE
4.1 C STATEMENTS IN THE MODEL.
5.! C
6.1 LOGICAL PRINT
7.1 DIMENSION TJFILE(NUAIR8). XJFILE(NUAIR*8)o ICASFI(93#NUAIR,1)
8.1 COMMON ITCOATAI I111(83)o DENS(83)*
9.1 ? ZATIN(NUAIR)o IATSU(NUAIR)p IOABN(NUAIR)p IDABS(NUAIR)
10.1 EQUIVALENCE (TJFILEPIJFILE)
11.1 COMMON ICASI ICASFIP TJFILE* NACP It* PRINT
27. COMMONISURVIITRACK(83,SO0)
28. COMMON/TCAAINUNTCA
29. COMMONJILMSIKCARR(83).ANSP(83).IRESET(83)
30. COMMONIAOJSENISESIT(83)
31. COMMONITRAXIJTRANS(NUAIR)
32. COMMONISENSIJSENS(NUAIR)
33. COMMONIOPLYMTIIATCR#IOAB.ITCA
34. DEFINE FLO(IPJ*K)OBITSCKPI*1.J)
35. NTRK a 500 8 NUMBER OF TRACKS IN TRACK FILE
36. 00 1 IT a I* NUMTCA 8 LOOP OVER ALL TCAS ZIM AIC

1 37. SOTARG a 0.
1 38. AOTARG a 0.
1 39. RCTARG a 0.
1 40. LT z IlI(IT)
1 41. TCALT x TJFILECLTP3) 0 TCAS IIM ALTITUDE.
1 42. DO 2 IF z lo NTRK I LOOP OVER TCAS IIM-MOOE S
2 43. K 9 FLO(OP1OITRACK(ITPKF)) 8 TRACK FILE.
2 44. IF (K.EQ.O) GO TO 2 a AIRCRAFT REMOVED FROM TRACK
2 45. ITEMP 2 FLO(34p2pICASFI(ITpK.1)) 8 GET 10 IN ENVIROMENT ARRAY
2 46. IF (ITEMP.EQ.O) GO TO 2 8 0 MEANS ATCRBS AIRCRAFT.
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2 47. SR = FLO(OP9,ICASFt(ITK,1))/1O.
2 48. IF (SR.GT.35.) GO TO 2 a SR GREATER THAN 35 NMI
2 49. SQTARG - SQTARG + 1 a SQUITTER COUNT (SQTARG)
2 SO. ANSALT a TJFILE(KoS) 8 NODE SALT. (FEET).
2 51. DALT a ABS(TCALT - ANSALT) i DIFFERENCE IN ALT. (FEET).
2 52. IF (SR.GT.30.) CO TO 2
2 3. IF (ALToGT.9000.)- GO TO 2
2 54. IF (SR.GT.7.16) AQTARG A AOTARG *I a COUNT NUMBER IN AGUISITION
- 55. IF (SR.LE.7.16) RCTARG R ECTARG *I 9 COUNT NUNBER IN ROLL CALL
2 56. 2 CONTINUE a END TRACK Loop.
1 $7. INDS u IDA$ + ITCA 9 TOTAL NUMBER OF NODE S
1 58. C AND TCAS ZIN AIRCRAFT.
1 59. NTCSSOTARG*'(FLOAT(ITCA))JCFLOAT(INDS))8 TOTAL NUMBER OF SQUITTER
1- 60. C TARGETS FOR NODE S I TCAS.
t 61., C
1 62* C DETERMINE NUMBER OF POWER 6 SENSITIVITY AOJUSTMENTS NEEDED TO SATISFY
V 63. C INEQUALITY 91 OF INTERFERENCE-LIMITING. MAKE NO MORE THAN SEVEN
'1- 64. C ADJUSTMENTS. SEE ECAC-PR-84-003 AND THE TCAS HOPS FOR MORE INFORMATION.
1 -65. C
1 66. JATEN a-i
1 67. ANEQ 300.
1 68. CS 69. 2 -IF ((ANEQ .6E. 280.) oANO. (JATEN .LE. 7)) THEN
2 70. JATEN a JATEN + 1
2 71. C
2 72. C APPROXIMATE THE NUMBER OF INTERROGATIONS SENT BY TCAS MIN.
2 73. NHT((1.2*RCTARG)+(O.O*AQTARG*(Oo90**JATEN)))
2 74. C
2 75 C CALCULATE INEQUALITY 01 AND-CHECK TO SEE IF IT HAS BEEN SATISFIED.
2 76. ANEQ a NHTIC.892**JATEN)*NTCS
2 77. GO TO 1200
2 78. END IF
1 79o SESIT(IT) m JSENSCLT) • JATEN B ADJUSTED TCAS INM SENSITIVITY
t 80. C TO BE USED IN I-L.
1 81. ATRANSmJTRANS(LT)lOOO.
1 82. AMSPC-IT)a(ATRANS*(O.790*JATEN)) B ADJUSTED TCAS ZIN POWER
1 83. C TO BE USED IN 1-L.
1 84. 1 CONTINUE

85. RETURN
86. END

END FTN 236 IBANK 68 ODANK 73821 COMMON
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aFTNoS S.RANNoRANN
FTN 1191 02127185-16:35(4,)

1. SUBROUTINE MANN(RAN)
2. C
3. C THIS SUBROUTINE IS A RANOON NUMIER GENERATOR OEVELOPEO BY C. W. ENLER.
4. C
5. LOGICAL GTIST
6. IF (.NOT.(QTIST)) THEN

1 7. ISEEO = 532413
1 a. GTIST - .TRUE.
1 9. END IF

10. ISEED x ISEEO*3125
11. RAN a AIS(FLOAT(ISEED))*.2910383O4829917250-o1
12. RETURN-
13. END

END FTN 39 ISANK 16 OBANK
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aFTNsS B.STATS#STATS
FIN 1191 02127185-16:35(49#)

1. SUBROUTINE STATS
2. C
3. C THE PURPOSE OF THIS SUBROUTINE IS TO COMPUTE STATISTICS FOR SEVERAL
4. C ICAS VARIABLES.
5. C
6. C **.**I****** INPUTS I OUTPUTS ~**************
7. C
8. C COMMON BLOCKS I VARIABLES
9. C INPUTS OUTPUTS DESCRIPTIONS

10. C
11. C ATE I ORATE ORATE TOTAL-INTERROGATIONS RECOD BT ICAS 11M
12. C CAS I MAC NUMBER OF :AIRCRAFT IN DEPLOYMENT-
13. C OPLYNT I IATCR NUMBER OP ATCRBS AIRCRAFT
14. C IDAI NUMBER OF NODE S AIRCRAFT
15. C ITCA NUMBER OP TCAS It N AIRCRAFT
16. C SIIOOTH I' NOW NUMBER OF TCAS IIM INTERROGATIONS-
17. C TCDATA I lATIN ATCRBS INTERROGATIONS -DUE TO ICAS II N
18. C IATSU ATCRIS SUPPRESSIONS-DUE TO TCAS i N-
0v. C IDASN MODE S INTERROGATIONS DUE TO TCAS It N
20. C IDABS MODE S SUPPESSIONS DUE To TCAS 1I1 N
21. C TCRATI I ATCRAT TCAS I INTERROGATIONS AT EACH AIRCRAFT
22. C TEMP I ITIME SIMULATION TIME
23. C
24. C
25. INCLUDE RESTARTPLIST
1.1 PARAMETER CNUAIR m 328)
2.1 C
3.1 C THE LOGICAL VARIABLE PRINT. WHEN FALSE* WILL SUPPRESS ALL WRITE
4.! C STATEMENTS IN THE MODEL.
5.1 C
6.1 LOGICAL PRINT
7.1 DIMENSION TJFILE(MUAIR*8)r IJPILE,(NUAIR.I). TCASFI(83.NUAIRP1)
8.1 COMMON ITCOATAI 1111(83)* OENS(83)o
9.1 ? IATIN(NUAKR)o IATSU(NUAIR)o IDABN(NUAIR)f IOABS(NUAIR)
10.1 EQUIVALENCE (TJFILE*IJFILE)
11.1 COMMON ICASI ICASFIr TJPILE# MAC* It* PRINT
26. COMMONITEMPlITIME
27. COMMDNISNOOTHNQW(83).T15C83).TPS(83)
28. COMMONIATEIDRATECS3)
29. COMMON/OPLYMTIIATCRPIDABITCA
30. COMMONITCRATIATCRAT(NUAIR)
31. C
32. C COMPUTE AVERAGE NUMBER OF ICAS It N WITHIN EACH ICA$ VOLUME. AND
33. C AVERAGE NUMBER OF INTERROGATIONS SENT BY TCAS It M.
34. C
35. SIGSUM a0.0
36. PSU m 0.0
37. OSUM v 0.0
38. 00 10 NS m loXTCA

1 39. ANOW a NOW(NS) a ICAS uIN SQUITTER COUNTER.
1 40. PSUM a PSUM 4 ANOWIFLOAYCITCA) 8 COMPUTE AVERAGE NUMBER OF

1 41. SIGSUM a SIGSUM + ANOW*ANOW a TCAS 1KM IN VOLUME.
1 42. ORATE(NS) xORATE(NS) + I

1 43. OSUM v OSUM + ORATE(NS)IFLOAT(ITCA) a AVERAGE INTERROGATIONS
1 44. 10 CONTINUE

45. ESOEV x SORTCCSIGSUM/FLOAT(ITCA)) - PSUM*PSUM)
46. C
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4?. SUN a ITCA + IDAB U TOTAL NUMBER OF MODE S A/C
48. SUMi IATCR 8 NUMBER OF ATCRSS-ONLY A/C
49. tSUM2 x 0
50. ISUM3 x 0
51. ISUH4 a 0
52. ISUmS a 0
53. ISUM8 a 0
54. ISUM9 1 0
55. ISUHIO a 0
56. ISUM1j 3 0
57. 00-11 IK = le MAC

1 58. IF (IJFILE(IKr4).NE.O) THEN
1 59. C
1 60. C COMPUTE STATS ON TCAS I* TCAS XIuN AND MODE S INVERROGATIONS.
1 61. C
2 62. ISUM2 a ISUN2 4 IOABN(IK) * ATCRAT(IR)
2 63. ISUM3 x ISUM3 + ID0IJS(IK)
2 64. ISUM4 a ISUM4 + (IIABNCIK) + ATCRAT(IK))**2.
2 65. ISUMS a ISUMS + IDABS(IK)1IIASS(IK)
2 66. ELSE
2 67. C
2 68. C COMPUTE NUMBER OF WHISPER-SHOUT INTERROGATIONS AND SUPPRESSIONS
2 69. C RECEIVED AT ATCR6S.
2 70. C
2 71. ISUN8 a ISUNB + IATINCIK)+ATCRAT(IK) a N-S INTERROGATION RECEIVED
2 72. C AT ATCRSS DUE TO TCAS I S 11
2 73. ISUN9 a ISUN9 + IATSU(IK) a WHISPER-SMOUT SUPPRESSION
2 74. C RECEIVED AT ATCIBS.
2 75. ISUNIO a ISUMID + (IATINCIK) + ATCRATCIK))**2.
2 76. ISUHI m ISUN11 + ZATSUCIK)*IATSU(IK)
2 77. END IF
1 78. 11 CONTINUE

79. Al - ISUHSISUMI A ATCRSS INTERROGATION.
80. AS a ISUN91SUNI 8 ATCRSS SUPPRESSION.
81. AISOV a SQRT(ISUNIOISUNI - AI*AI) I STANDARD DEVIATION
82. ASSOV a SQRT(ISUM11ISUMi - AS*AS)
83. DI a ISUN21SUN 9 AVERAGE NODE S INTERROGATIONS
84. OS a ISUN31SUN 6 AVERAGE NODE S SUPPRESSIONS
85. DISOV a SQRT(ISUNM4SUN - D1*DI ) 8 STANDARD DEVIATION
86. OSSOV a SQRT(ISUNS/SUM - OS*OS)
87. IF (PRINT) WRITEC**12) ITINE. PSUN. ESOEVP OSUN, Ale AISOVo AS
88. IF (PRINT) WRITE(6*13) ASSOV, DI DISDV OS. DSSDV
89. 12 FORMAT (C1'IXPSIMULATION TIME: °p13o' SECONDSOo/o/oIK.
90. ? 'AVERAGE NUMBER OF TCAS II N IN ANT TCAS It N VOLUME: Of
91. ? F10.401IlX,
92. ? * STANDARD DEVIATION: 91
93. 7 FIO.4.IpI.1Xp
94. ? *AVERAGE NUMBER OF INTERROGATIONS SENT BY TCAS II N: 00
95. 1 FIO.4,I.I,1Xo
96. ? #AVERAGE ATCRBS INTERRROGATIONS RECEIVED DUE TO TCAS II N: 'o
970 ? FIO.4/1*IXP
98. ? ' STANDARD DEVIATION: ',
99. 7 F1O.4,,I.lX,

100. 7 $AVERAGE ATCRSS SUPPRESSIONS RECEIVED DUE TO TCAS II N: 'o
101. ? FIO.4)
102. 13 FORMAT (*I1XP
103. ? * STANDARD DEVIATION:
104. ? F10.4,/,/,X,
105. 7 'AVERAGE MODE S INTERROGATIONS RECEIVED DUE TO TCAS It M: '
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106. ? FIO.4IlXv
107. ? I STANDARD DEVIATION:
108. ? 10.4,/,/,1X0
109. 7 'AVERAGE MODE S SUPPRESSIONS RECEIVED DUE TO TCAS TI N
110. ? FIO.4,ilX,
111. ? * STANDARO DEVIATION: e
112. ? F1O.4)
113. RETURN
114. END

ENO FTN 297 hBANK 309 OANK 31993 COMMON
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IFTNoS B.TCASITCASI
FTN 1131 02127/5-16-:35(19,)

1. SUBROUTINE TCASI
2. C
3. C THE FUNCTION OF THIS SUBROUTINE IS TO DETERMINE THE EFFECTS Of
4. C OEPLOYING TCASI AIRCRAFT IN THE ENVIRONMENT. ALL MODE S AIRCRAFT
S. C ARE ASSUMED TO BE TCAS I-EQUIPPED. THIS SUBROUTINE IS CALLED ONLY
6. C UHEN A TCAS I ANALYSIS IS CONDUCTED.
7. C
8. C
9. C INNI****i**** INPITS I OUTPUTS ************************** **i*O*b
10. C
11. C COMMON $LOCKS I VARIABLES
12. C INPUTS OUTPUTS DESCRIPTION
13. C
14. C AN70 I PASIOT RECEIVING ANTENNA PATTERNSs 0CTION
i5. C PASTOP TOP
16. C ANTT / ANTIOT TRANSMITTING ANTENNA PATTERNS: BOTTOM
17. C / ANTTOP TOP
18. C CAS / IJFILE AIRCRAFT TYPES
19. C MAC NUMBER OF AIRCRAFT
20. C TJFILE AIRCRAFT CHARACTERISTICS
21. C SENS / JSENS SENSITIVITY LEVELS FOR EACH AIRCRAFT
22. C ICRATI I ATCRAT NUMBER OF TCAS I INTERROGATIONS AT EACH
23. C AIRCRAFT
24. C
25. C
26. INCLUDE RESTART.LIST
1.a PARAMETER (NUAIR a 326)
2.1 C
3.1 C THE LOGICAL VARIABLE PRINT* WHEN FALSE* WILL SUPPRESS ALL WRITE
4.1 C STATEMENTS IN THE MODEL.
5.1 C
6.1 LOGICAL PRINT
7.1 DIMENSION TJFILE(NUAIRP8)o ZJFILE(NUAIRPS), ICASFI(83#NUAIR*I)
8.1 COMMON ITCOATAI 1111(83), DENS(83)o
9.1 ? IATIN(NUAIR)a IATSU(NUAIR)o IOAIN(NUAIR)o IDABS(NUAIR)

10.1 EQUIVALENCE (TJFILEPIJFILE)
11.1 COMMON /CASI ICASFIP TJFILEv MAC* It* PRINT
27. COMMONIANTT/ANTTOP(19)*ANTSOTC(9)
28. .COMMONIANTDIPASTOP(19)*PASSOT(19)
29. COMMONISENSIJSENSCNUAIN)
30. COMMON/BSSEAR/TLATTLONRLATRLONDISTSEARTX
31. COMMON/TCRAT1/ATCRAT(NUAiR)
32. 00 10 NN a 1, NAC I SELECT A TCAS I AIRCRAFT.

1 33. IF CCIJFILE(N4).EQ.3).0R.(IJFILE(NN,4).EQ.0)) GO TO 10
1 34. TLAT a TJFZLE(NNI) , TCAS I LATITUDE (RADIANS)
1 35. TLON a TJFILE(NNP2) 8 TCAS I LONGITUDE (RADIANS)
1 36. ALTIA u TJFILE(NNP3)/6076.0 A TCAS I ALTITUDE (MILES)
1 37. ITYP t IJFILECNNo4)
1 38. 00 11 IA a 1, NAC I PICK VICTIM AIC
2 39. IF (NN.EQ.IA) GO TO 11
2 40. RLAT a TJFILE(IAPl) a VICTIM LATITUDE (RADIANS)
2 41. RLON * TJFtLE(1Ao2) A VICTIM LONGITUDE (RADIANS)
2 42. ALTZA * TJFILE(IAP3)/6076.0 a VICTIM ALTITUDE (MILES)
2 43. CALL SEAR a GET HORIZONTAL DISTANCE
2 44. C BETWEEN AIRCRAFT
2 45. SC a (ALTIA - AL12A) A VERTICAL SEPARATION (NM)
2 46. CO z (SQRTCDIST*DXST + BC*BC)) a SLANT RANGE (NNI)

B-49



UO'r/FAA/PM-85/22 Apni

TCASI

2 47. ARGAuCI/IST)
2 48. THET s (ATAN(ARGA))*5?.296 a DETERMINE ANGLE BETWEEN
2 49. THETAI a ASS(CTHET+90.)/1O.) a TCAS I AND VICTIM A/C
2 50. ITHI aTHETAI + I
2 51. THETA? a AIS((TtIET-90.)/1O.)
2 52. ITH2 a THETA? + I
2 53. C
2 54. C DETERMINE GAIN OFf ANTENNA.
2 55. C
2 56. GWI a ANTTOP(ITtl) + ((THETAI 1) -FLOAT(ITHI))*
2 57. 1 (ANTTOP(ITIHM*) - ANTTOP(ITHI))
2 58. 6W? a PASlOT(IT4?) + ((THETA? + 1) - FLOAT(ITM2))*
2 59. 1 (PAS6OT(ITN2+j) - PASBOTCITH2))
2 60. GN3 a ANI.OT(tTHI) + ((THETAI + 1) - FLOAT(I;NIl)
2 61. 1 (AITSOT(ITWI+1) - ANTIOT(ITHI))
2 62. GN4 a PASTOP(IT142) + ((THETA? + 1) - PLOAT(ITM2))*
2' 63. 1 (PASTOP(ITH2+1) - PASTOP(ITH2))
2 64. GS a GNI
2 65. GV a6N2
2 66. IF CCGN4.GT.6N2).AND.(IJFILE(IAP4).NE.O)) GV 0 GN4
2 67. GNCOUp aGS 4GV
2 66. LOS a36.58 + 2O.*ALOC1OC103O.)+?O.*ALOGIO(CD..1)+3.-6O
2 69. PR =-13.98 - LOS + GUCOUP - 3. & COMPUTE RECEIVED POWER
2 70. If (Pl.LT.JSlNS(ZA)) 4D TO 11 1 IF POWER RECEIVED LESS THAN
2 71. C SENSITIVITY* 0O NOT COUNT
2 ?2. ATCRAT(A) a ATCRAT(IA) + I al COUNTER ARRAY AT VICTIMS DUE
2 73. C TO TCAS I INTIRROGATZONS.
2 74. 11 CONTINUE
I Is. 10 CONTINUE

76. RETURN
77. END

END FTN 274 IBANK 87 DIANK 3206? COMMON
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BFT#|,S A.TCSNOT*A.TCSMOr
FTN IIRlIRIA O5/O15-13:16(27*)

1. SUBROUTINE TCSNOT

4. C THE PURPOSE THIS SUBROUTINE IS TO PRODUCE VALUES FOR THE
S. C EMISSION POWERS AND INTERROGATIONS RATES SMOOTHED OVER A 16-SECOND
6. C TIME PERIOD.
7. C
8. C Iibeetbitiia* INPUTS I OUTPUTS *********.o************IO
9. C

10. C COMMON BLOCKS I VARIABLES
11. C INPUTS OUTPUTS DESCRIPTIONS
12. C
13. C ATE / ORATE TOTAL INTERROGATIONS RECOD AT EACH
14. C TCAS 11 M TRANSPONDER
15. C CAS 1 I1 TCAS 11 M IDENTITY
16. C ILMS / ANSP ADJUSTED TCAS It M TRANSMISSION POWER

17. C SMOOTH / TIS SMOOTHED EMISSION POWER
18. C AVMSPM SMOOTHED TOTAL MODE S POWER
19. C TCDATA 1111 TCAS 11 N POINTER FILE
20. C TEMP I TIME ELAPSED TIME IN SIMULATION
21. C
22. C

23. INCLUDE RFSTARTPLIST
1.1 PARAMETER (NUAIR a 743)
2.1 C
3.1 C THE LOGICAL VARIABLE PRINT* WHEN FALSEo WILL SUPPRESS ALL WRITE
4.1 C STATEMENTS IN THE MODEL.
S.I C
6.1 LOGICAL POISMODPINTLI.PTCSMT*PATNOODPDISIN.PFILES.PPRUIT.PSTATS
7.1 COMMON IPRTBLI POISMOPINTLIPTCSMTPATMODoPOISINPFILESPFRUIT#
8.1 2 PSTATS
9.t
10.1 DIMENSION TJFILE(NUAZR,8), IJFILE(NUAIR.S). %CASPI(83PNUAIRel)
11.1 COMMON ITCOATAI I111(83)o DENS(83),
12.1 ? IATIN(NUAIR), IATSU(NUAIR)* IDASN(NUAIR)o ZDASS(NUAIR)
13.1 EQUIVALENCE CTJFILEPIJFILE)

14.z COMMON ICASI ICASFI* TJFILE# NAC* Ito PRINT
24. INCLUDE ATELIST
1.1 COMMON /ATE/ DRATE(83)

25. INCLUDE TEMPPLIST

1.1 COMMON /TEMPI ITIME
26. INCLUDE SMOOTHPLIST
1.1 COMMON ISMOOTHI NOW(B3), AVSSPW(83),T1S(83)

27. INCLUDE ILMSoLIST
1.1 COMMON /ILMS/ NWSL(83)o AMSP(83)p IRESET(*3)o ATSUMP(Os3)*
2.1 2 IRETRNP TPOW

28. INCLUDE TRAXoLIST
29.
1.1 COMMON ITRAX/ JTRANS(NUAIR)

30. REAL INSTNT(O:15#83).RSUMP(83)
31.
32. INOX a MOU(tTIME, 16) & POINTER TO CURRENT STORAGE TIME: 0 - 15
33. TMSPU a ORATE(II) k AMSP(II) a TOTAL NODE S POWER IN CURRENT SECOND
34.
3$. IF(ITIME oLE. 15)TtEN a DONIT SMOOTH FOR 1ST 15 SECONDS
36. AVMSPM(II) = TMSPW
37. TIS(II) z DRATEIII)

I
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1 1. ELSE
1 39. AVTINE ITIME -15 9AVERAGING TIME

1 40. RSUMP(1!) RSUNPCIZ) +. TNSPW - INSTNT(XNOKII)
1 41. AVMSPN(II) aRSUMPCtI)/AVTIME

1 42. TISCI!) x USCII) + C ONATE(IZ) -TISCI!) )IAVTZME
1 1,3. INSTNT(ZNOKI1) z TMSPW

1 44. END IF
45. RETURN
46. END

END FTN 115 ISANK 144? D&ANK ?2175 COMMON

81406, ha' TRANSP
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IPTNPS a.TRANSPPTRANSP
PTN IIRI 02/27185-16:35013r)

1. SUB4OUTINE TRANSP
2. C 

C9FREC3. C SET POWER AND SENSITIVITY CHARACTERISTICS DERIVED FROM AT9FRAC
4. C TYPE OF TRANSPONDER.
5. C
6. C .***** INPUTS I OUTPUTS
7. C COMMON BLOCKS I VARIABLES
a, C INPUTS OUTPUTS DESCRIPTION
9. C

10. C CAS /IJFILE. TYPE Of EACH AIRCRAFT
11. C NAC NUMBER OF AIRCRAFT
12. C SENS I JSENS SENSITIVITY LEVEL OF EACH A/C
13. C TRAX I JTRANS TRANSMISSION POWER OP EACH A/C
14. C
15. C
16. INCLUDE RESTARTPLIST
1.1 PARAMETER CNUAIR u 328),
2.1 C
3.1 C THE LOGICAL VARIABLE PRINT* WHEN FALSE. WILL SUPPRESS ALL WRITE
4.1 C STATEMENTS IN THE MODEL.
S.1 C
6.1 LOGICAL PRINT
7.! DIMENSION TJFILE(NUAliR.8)* IJFILE(NIUAIR*6)* ICASFI(83*NUAIRIt)

8.! COMMON' /TCOATA/ 1111(83). DENSMS)o
9.1 ? IATIN(NUA 1R0o IATSU(NUAIR)o IDASNCNUAIR)o IDAUS(NUAIR)

10.1 EQUIVALENCE -(TJPILE*IJFILE)
11.1 COMMON ICAS/ ICASFI, TJFILE* NACP Ile PRINT
I7. COMMON/TRAX/JTRANS(NUAIR)
Is. COMMON/SENSIJSENS(NUAIR)
19. DIMENSION XNORMtNUAIR)
20. DIMENSION TNOIM(NUAIR)
210 DIMENSION_ NSENSCNUARt)_
22. DIMENSION YSENSCNUAIR)
23. c
24. C TRANSMISSION POWER-
25. C
26. XNORH(1 a 16 398 535
27. YNORM(1) a 16 398 535
28. CALL RANONCXNCRNPNUAIR*27*0# 1.5) I MODE ,S POWER--NOMINAL
29. C IS 27; STANDARD
so 3. C DEVIATION IS 1.5.
31. CALL RANON CYNORM* NUAIRP 29.2o 0.5) a TCAS POWER--NOMINAL IS
32. C 29.2& STANDARD
33. C OEVIATION is 0o.
34. DO 17 1Q a1l, NAC

1 35. IF (IJFILECIQ#4) .Ego 01 THEN a DETERMINE ATCRBS
2 36. CALL RANNCRAN) U TRANSMISSION POWER

2 37. RAN RAN * 100. a USING PROBABILITY
2 38. IF (RAN .LE. 0.2) THEN 8 DISTRIBUTION PROM ATC-9
3 39, 01FF in Ile
3 40. ELSE IF (RAN *LEo 0.4) THEN
3 41. 01FF m 10.
3 42. ELSE IF (RAN .LEs 1.2?) THEN
3 43. 01FF a 9.
3 44. ELSE IF (RAN .LEo 1.92) THEN
3 45. 01FF a8.,
3 46, ELSE IF (RAN .LE. 3.00) THEN
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3 67. DFF ' 7.

3 48. ELSE IF (RAN .LE. 5.60) THEN

3 49. 01FF A 6.
3 SO. ELSE IF (RAN .LE. 9.50) THEN

3 51. DIFF a 5.

3 52. ELSE IF (RAN *LE. 15.60) THEN

3 53. DFF m 4.
3 54. ELSE IF (RAN .LE. 25.40) THEN3 55. DFF a 3.

3 56. ELSE IF (RAN .LEe 36.90) THEN
3 57. 01FF a 2.
3 58. ELSE IF (RAN .LE* 49.00) THEN
3 59. DFF z 1.
3 60. ELSE IF (RAN .LEm 60.50) THEN
3 61. DFF a 0.
3 62. ELSE IF (RAN .LE, 74.40) THEN
3 63. DIFF a -1.

3 64. ELSE IF (RAN .LE. 61.80) THEN
3 65. 01FF a -2.

3 66. ELSE IF (RAN *LE. 90.70) THEN
3 67. OFF a -3.
3 68. ELSE IF (RAN .LE. 95.70) THEN

3 69. 01FF u -4.
3 70. ELSE IF (RAN .LE. 98.30) THEN
3 71. DIFF a -5.
3 72. ELSE IF (RAN .LE. 99.38) THEN
3 73. DIFF a -6.
3 74. ELSE IF (RAN *LE. 99.78) THEN

3 75. 01FF a -7.
3 76. ELSE
3 77. DIFF a -8.
3 78. END IF
2 79. JTRANS(CI) a 500 000 * (0.7943 ** DIFF)
2 80. ELSE IF (TJFILE(IQo4) ,EQ.,I) THEN I DETERMINE MODE S
2 81. XCONVT a XNORN(IQ)I1l. 8 TRANSMISSION POWER
2 82. XNORMCIQ) (10. ** XCONVT) * 1 000.
2 83. JTRANS(IQ) XNORN(4)
2 84. ELSE & DETERMINE TCAS It N
2 85. TCONVT a YNORNM(C) I 10. a TRANSMISSION POWER
2 86. YNORN(IQ) 3 (10. ** ICONVT) * 1 000.
2 87. JTRANS(IQ) * TNORM(IQ)
2 88. END IF
1 89. 17 CONTINUE

1 90. C
1 91. C SENSITIVITY CALCULATIONS
1 92. C

93. XSENS(1) 16 398 540
94. TSENS(1) x 16 398 540
95. CALL RANON CXSENS, NUAIR* 77.60, 1.5) a NODE S SENSITIVITY--
96. C NOMINAL: 77.60
97. C STANDARD DEVIATION: 1.5
98. CALL RANON (YSeNSo NUAIRI 77.50 0.75) 3 TCAS It N SENSITIVITY-
99. C NOMINAL: 77.50

100. C STAN. DEVIATION: 0.75

101. 01 12 It 1 NAC
1 102. IF (IJFILE(IZP4) .EQ. 0) THEN a DETERMINE ATCRBS
2 103. CALL RANN (RAN) a SENSITIVITT
2 104. RAN a RAN * 100.
2 105. IF (RAN .LE* 0o2) THEN

B-54



DOT/FAA/PM-85/22 Appendix B

TRANSP

3 106. SENT z 48.

3 I7. ELSE IF (RAN .LE. 0.4) THEN

3 108. SENT = 51.
3 109. ELSE IF (RAN LE. 066) THEN

3 110. SENT a 52.

3 111. ELSE IF (RAN LE. 1.0) THEN

3 112. SENT m 53.

3 113. ELSE IF (RAN .LE. 1.43) THEN

3 114. SENT a 54.

3 115. ELSE IF (RAN .LE. 2.07) THEN

3 116. SENT a 55.

3 117. ELSE IF (RAN .LE. 2.28) THEN

3 118. SENT a 56.

3 1
1 9

, ELSE IF (RAN .LE. 3.79) THEN

3 120. SENT a 57.

3 121. ELSE IF (RAN .LE. 4.00) THEN

3 122. SENT a 58.

3 123. ELSE IF (RAN .LE. 4.43) THEN

3 124. SENT z 59.

125. ELSE IF (RAN .LE. 5.29) THEN

3 126. SENT a 60.

3 127. ELSE IF (RAN .LE. 6.80) THEN

3 128. SENT a 61.

3 129. ELSE IF (RAN .LE. 6.52) THEN

3 130. SENT a 62.

3 131. ELSE IF (RAN .LE. 10.69) THEN

3 132. SENT a 63.

3 133. ELSE IF (RAN .LE. 14.12) THEN

3 134. SENT X 64.

$ 135. ELSE IF (RAN .LE. 17.14) THEN
3 136. SENT a 65.
3 137. ELSE IF (RAN .LE. 19.94) THEN

3 138. SENT x 66.
3 139. ELSE IF (RAN .LE. 25.33) THEN

3 140. SENT a 67.

3 141. ELSE IF (RAN .LE. 31.80) THEN
3 142. SENT u 68.
3 143. ELSE IF (RAN .LE. 39.14) THEN

3 144. SENT a 69.
3 145. ELSE IF (RAN ALE. 44.10) THEN
3 146. SENT s 70.

3 147. ELSE IF (RAN .LE. 51.22) THEN

3 148. SENT i 71.

3 149. ELSE IF (RAN .LE. 57.26) THEN

3 150. SENT a 72.
3 151. ELSE IF (RAN .LE. 65.03) THEN

3 152. SENT x 73.
3 153. ELSE IF (RAN .LE. 69.78) THEN
3 154. SENT x 74.

3 155. ELSE IF (RAN .LE. 75.17) THEN

3 156. SENT a 75.

3 157. ELSE IF (RAN .LE. 61.00) THEN

3 158. SENT a 76.

3 159. ELSE IF (RAN .LE. 86.61) THEN

3 160. SENT v 77.

3 161. ELSE IF (RAN .LE. 90.06) THEN

3 162. SENT = 78.
3 163. ELSE IF (RAN .LE. 94.59) THEN

3 164. SENT 79.
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3 165. ELSE IF (RAN .LE. 95.S8) THEN

3 166. SENT x 80.

3 167. ELSE IF (RAN .LE. 98.03) THEN

3 168. 
SENT = 81*

3 169. ELSE IF (RAN .LE. 98.46) THEN

3 170. SENT a 82.

3 1M1. ELSE IF (RAN .LE. 98.89) THEN

3 172. SENT a 83.

3 173. ELSE IF (RAN .LE. 99.32) THEN

3 174. SENT a 84.

3 175. ELSE

3 176. SENT a 87.

3 177. END IF

2 178. SENT a SENT * 3.

2 179. JSENS(CZ) a -SENT

2 180. ELSE IF CIJFILE(lZ,4) ,EQ. 1) THEN I OETEERINk ODE S

2 181. ZSENS z -SSEmS(I2) 8 SENSITIVITY

2 182. IF (ZSENS .LT. -80.)ZSENS a -80.

2 183. IF CZSENS oGT. -14.)ZSENS a -74.

2 184. JSENS(IZ) - ZSENS

2 185. ELSE a SETENINE TCAS

2 186. ZSENS a -YSENSCIZ) a SENSITIVITY

2 187. IF (ZSENS .LT. -79.) ZSENS m -79-

2 188. IF (ISENS .GT. -75.) ZSENS 2 -75.

2 189. JSENSCIZ) - ZSENS

2 190. END. IF

1 191. 12 CONTINUE
192. RETURN
193. END

END FTN 54? ISANK 1508 DIANK 31985 CONNON

J
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OFTN, ATQUITOA.1SUUIT
FTN |l11R1A 05/301 5-15:16(41,)

1. SUGRUUTINe TSQUIT( IPRGTS )
7. C
3. C THE PURPOSE OF THIS SUBROUTINE IS TO COUNT THE NUMBER OF TCAS 11-N
4. C OETECTEO BY SQUITTERS AND SET THE SQUITTER START TIME.
S. C
6. C ******* * bh*,**** hb* INPUTS I OUTPUTS ******************
7. C
8. C COMMON $LOCKS I VARIABLES
9. C INPUTS OUTPUTS DESCRIPTION

10. C
11. c ARG LIST I IPRGTS INDICATES WHETHER THE NEC POW ) SENSITI
12. C CAS / 1I TCAS II M IDENTITY
13. C SINT I K VICTIM AIRCRAFT IDENTITY
14. C SMOOTH / NOW NUMBER OF TCAS II 0 OEICTED
15. C TCAA I NURTCA NUMBER OF TCAS If N AIRCRAFT
16. C TCOATA 1 1111 TCAS I1M POINTER FILE
17. C TEMP / ITIME ELAPSED TIME IN SIMULATION
18. C TPREPL ; PREP PROBABILITY OF REPLY FOR EACH AIRCRAFT
19. C TRAN I ITLAST ITLAST TCAS II M SQUITTER START TIME
20. C TRAN / IACTOT CONVERTS A/C I TO TCAS I0 (1I)
21. C
22. INCLUDE RESTARTPLIST
1.1 PARAMETER (NUAIR a 743)
Z.1 C
3.1 C THE LOGICAL VARIABLE PRINT, WHEN FALSEv WILL SUPPRESS ALL WRITE
4.1 C STATEMENTS IN THE MODEL.
5.1
6.1 LOGICAL POISMD*PINTLIePTCSMTPATNODPDISINPFILESPPRUITPSTATS
7.1 COMMON IPRTBLI POZSMDPINTLIsPTCSMTPATMOOPDISIMNPFILESPFRUIT
8.1 2 PSTATS
9.1

10.1 DIMENSION TJFILE(NUAIN,8), IJFILE(NUAIR*S) ICASFI(8$*NUAIRNI)
11.! COMMON ITCOATAI 1111(83), 0EAS(83),
12.1 ? IATIN(NUAIR), IATSU(NUAIR), IOABNCNUAIR), IDABS(NUAIR)
13.? EQUIVALENCE (TJFILE*IJFILE)

14.1 COMMON ICASI ICASFI, TJFILE, MAC, 1I, PRINT
23. INCLUUE TCAALIST
1.1 COMMON ITCAA/ NUNTCA

24. INCLUDE TENP*LIST
1.1 COMMON /TEMP/ ITIME

25. INCLUDE TRAN*LIST
1.1 CoNON ITRANI 1TLAST(83#43)PIACTOT(NUAIR)

26. INCLUDE SNOOTHLIST
1.1 COMMON /SMOOTHI NOW(83), AVNSPW(83),TIS(83)

27. INCLUDE SINTLIST
1.1 COMMON /SINTI LPLUS, K, ITO(100)

28. INCLUOE TPREPLLIST
1.1 COMMON ITPREPLI PRkP(NUAIR)

d9. DEFINE FLO(..,JK) a SITS(K,II,J)
30. C
S1. C COMPUTE NUMBER OF TCAS II N DETECTED BY SQUITTER
52. C
33. 0h

34. * K IS THE 1O OF THE N'TH TCAS A/C. IT IS NECESSARY TO FIND THE VALUE
35. h OF No WHICH IS USED AS AN INDEX OF THE TCST AND ITLAST ARRAYS.

37. IOTCAS IACTOT(K)
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39. IF( IDTCAS GT?. NUMTCA" WRITE(6*14)(ZTC4IICXTC)#
40. 2 IACTOIT(ti1iCtTC))aTTCa1,NUNTCA)
41. 16 FORN4ATCO TSQUITzI 11 I A O'51,-*1,-.3

45. ITISO a FLO(1,oiITLASTCIIIOTCAS)
44. If( ITLSO .EQ. 0) ITLSQ a NINTt RANOMN) 1,9.) + 1

4o6. IOELT a ITINE ITLSQ
4.7. INTRI a FLD(OpluITLAST(ItoIDTCAS) )a IS THE KO AlC.IN SQUITTER FILE
46. 6
49. *AT TIME x 1 SEC, LOAD ALL TCAS A/C THAT CAN SE DETECTED BY THEIR SQUITTER
50. 0AND HAVE A SUFFICIENTLY NIGH PROP Of DETECTING THE SQMITTER

5z. IF( ITIME .EQ. 1)THEN 0 AT TINEalo LOAD SQUITTER PILE
1 53. CALL RANN(RAN)
1 54. IF( tPRGTS EQ0. I .AND. PREPWK .GT. RAN)THEN SSQUITTER RECEIVED
2 53. IF(INTRK EQ0. 0) HNOUCII) *NOW(II) + I a NEW A/C IN SQIT FILE
2 56. FLOCOv1.ITLA5T(I~oIOTCAS) )*1 8 ADD KITH AJC TO SQ P
2 5r. END IF

2 56.
2 59. IAT TINES > I SEC* CHECK TO SEE IF A TCAS A/C SHOULD BE ADDED OR DELETED FRON
2 60. *THE SQUITTER FILE
2 61. o
1 62. ELSE IF( IDELT *GT. 20 .ANDo INTAK .EQ. I)THEN a > 20 SEC SINCE LAST RX S

1 61. NOW(II) 2 NOW(IZ) - I a I LESS A/C IN SQUITTER FILE
1 64. FLD(Oplo-ITLAST(IjoIDTCAS) 3*0 S DELETE KITH A/C PRON SQUIT FILE

1 65. ELSE IF( MOO(IDELT#1O) EQ0. O)THEN a1 KITH TCAS TX TINE
1 66. CALL RANNCRAN)
1 6?. IF( IPRGTS .EQ. I .AND. PREP(K .GT. RAN)THEN a1 SQUITTER RECEIVED
2 68. IF(INTRK EQ0. 0) NOWCXI) a NOWCIZ) # I a NEW A/C IN SQIT FILE
2 69. FLO(0.1.'ITLAST(tIsIOTCAS) I f ADD K4TN AIC TO SQ P
2 70. FLO(1#1O.ITLAST(II*IOTCAS) 3aITINE & LASTEST SQ RI TINEV2 71. END IF
I 72. END IF
1 73. A
1 74. C WRITE(6.16)IPRGTSItIDTCAS.ITLSQ.IDELTLSQUIT',NOWCII)I I 75. a

? 6. RETURN
77. END

ENO FIN 222 IBANK 96 OSANK 79490 COMMON

aNOG#P ae TSTART
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.:I'S a.TSTART

MFTN.S A.TSTARTPA.TSTART
FTN 11R1IRIA 05,10/I5-15:16(230)

I. SUBROUTINE TSTART
i. C

3. C THIS SURROUTINE COUNTS THE NUM8ER OF TCAS II M AIRCRAFT* SETS UP A
4. C POINTER FILE TO THEIR LOCATION IN THE GENERAL AIRCRAFT CHARACTERISTICS
5. C FILE# AND SETS THE SQUITTER PHASE FOR EACH TCAS 11 X AIRCRAFT.
6. C
7. C INPUTS I OUTPUTS
8. C
9. C COMMON BLOCKS I VARIABLES

10. C INPUTS OUTPUTS DESCRIPTION
11. C
12. C CAS I IJFILE TYPE OF EACH AIRCRAFT
13. C MAC NUMBER OF AIRCRAFT
14. C TCAA I NUNTCA NUMBER OF TCAS I N AIRCRAFT
15. C TCOATA I ill TCAS 11 A POZNTER FILE
16. C TRAN / TCST SQUITTER PHASE START TINE
17. C
18. C
19. INCLUDE RESTARToLIST
1.1 PARAMETER (NUAIR a 743)
2.1 C
3.1 C THE LOGICAL VARIABLE PRINT. WHEN FALSE# WILL SUPPRESS ALL WRITE
4.1 C STATEMENTS IN THE MODEL.
5.1 C
6.1 LOGICAL PDISNO.PINTLI*PTCSMTPATMOD,POISINPFILES.PFRUITPSTATS
7.1 COMMON IPRT&LI POISNMDPINTLI.PTCSMT*PATMOO.POISINPFILES*PFRUIT,
8.1 2 PSTATS
9.1 a
10.1 DIMENSION TJFILE(NUAIR.8)o IJFILE(NUAIR&8)o ICASFI($NUAIRol)
11.1 COMMON /TCOATAI 1111(83)o UENS(83),
12.1 ? IATIN(NUAIR), IATSU(NUAIR)o IOABN(NUAIR)o IOABS(NUAIR)
13.1 EQUIVALENCE (TJFILEIJFILE)
14.1 COMMON ICASI ICASFI* TJFILE, NACP II. PRINT
20. INCLUUE TCAA*L[ST
1.1 COMMON ITCAAI NUMTCA

21. INCLUDE TRAN*LIST
1.1 COMMON /TRANI ITLAST(83.83),IACTOT(NUAIR)

22. DEFINE FLD(I,J,K) w BITS(KI*l*J)
23. 00 300 1 x I* NAC & COMPUTE NUMBER OF ICAS JIM

1 24. IF (IJFILk(I#4).NE.3) GO TO 300
1 25. NUMTCA : NUNTCA + I a COUNT TCAS IIM A/C
1 26. I11C(NUMTCA) u I S SET UP POINTER TO LOCATION OF
1 27. IACTOT(I) m NUMTCA a TCAS IN IN A/C CHAR. FILE
1 28. C
1 29. 300 CONTINUE

30. RETURN
31. END

END FTN 57 IBANK 2S OBANK 78395 COMMON

@HOGP ale WSPOWE
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IFTNS B.WSPOWENSPOWE
FTN t1R1 02127/65-16.:36(23p)

1. SUBROUTINE WSPOWE
2. C
3. C THE PURPOSE OF THIS SUBROUTINE IS TO LOAD INTO ARRAYS THE POWER
4. C ASSOCIATED FOR EACH LEVEL OF WHISPER SHOUT FOR THE TOP AND
S. C BOTTOM ANTENNA.
6. C
7. C INPUTS I OUTPUTS
8. C
9. C COMMON BLOCKS I VARIABLES
10. C INPUT OUTPUT DESCRIPTION
11. C
12. C WNHOUT I IPONd U-S LEVELS FOR TOP SACK ANTENNA
13. C IPOW8O N-S LEVELS FOR BOTTOM ANTENNA
14. C IPOUF N-S LEVELS FOR TOP FRONT ANTENNA
15. C IPOWS W-S LEVELS FOR SIDE ANTENNAS
16. C
17. C EACH WHISPER SHOUT STEP CHECKED FOR TOTAL RADIATED POWER
18. C OF TCAS 111-ATCRBS ENMISSIONS.
19. C
20. CONMONIWSHOUTIIPRF(24), PAS(40),IPRBCIS).IPRBOT(4),IPONF(24)o
21.. TPOWS(41)PIPOWU(15)PIPOWBO(4)
22. C
23. C LOAD POWER FOR EACH WHISPER SHOUT LEVEL.
24. C
25. IOROP 0
26. SPEAK * 49
27. DO 3002 K a 1r 24 a TCAS IN TOP-FRONT ANTENNA

1 28. IPOWF(K) a IPEAK - IDROP*I 9 (24 LEVELS)
1 29. tOROP * ZOROP + 1 I POWER LEVELS RANGE PROM
1 30. FACT a (ZPOWF(K) - 30.)*1O. a 49 DIN TO 26 OI
1 31. POWFR u POWPR + (1O.**FACT)
1 32. 3002 CONTINUE

33. IOROP X 0
34. SPEAK u 4S
35. 00 3003 K % 1, 40, 2 A TCAS ZIN LEFT & RIGHT SIDE

1 36. IPOWS(K) a IPEAK - IOROP*I S 20 LEVELS PER SIDE
1 37. TPOWS(K*I) x IPOWS(K) a POWER LEVELS RANGE PROM
1 38. IDROP a IOROP + 1 4 45 TO 26 06N
1 39. FACT a CIPOWS(K) - 30.110.
1 40. PONSO a POUSO + (10.**FACT)
1 41. 3003 CONTINUE

42. IDROP a 0
43. SPEAK a 40
44. 00 3004 K s 1* 15 a TCAS STN BACK (1 LEVELS)

1 45. TPOWU(K) a IPEAK - IOROP*I. a POWER LEVELS RANGE FROM
1 46. SOROP s IDROP + 1 & 40 TO 26 OSM
1 47. FACT a (IPOWB(K) - 30./10.
1 46. POWBK a POWBK + (10.**PACT)
1 49. 3004 CONTINUE

50. IOROP s 0
51. SPEAK a 36
52. 00 3005 K z 1* 4 a TCAS Ith BOTTOM (4 LEELS)

1 53. IPOWBOCK) a SPEAK - IOROP*2. 8 POWER LEVELS RANGE FROM
1 54. IOROP IDROP + 1 8 36 TO 30 0I
1 55. FACT * (SPCWSO(K) - 30.110.
1 56. POWBOT * POWBOT * (10.**PACT)
1 57. 3005 CONTINUE

B-60

Ilk. 

* ~ 
___ 

_



DOT/FAA/PM-85/22 Appendix B
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1 58. C
1 59. C CALCULATE TOTAL ATCRSS INTERROGATION CONTRIBUTION FOR TOP B OTTOM

1 60. C ANTENNAS.
1 61. C

62. PYOT uPOMFA + POWSO 4POWSK + POWBOT
63. RETURN
64. END

ENO FYN 176 IHANK 45 DBANK 167 COMMON
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APPENDIX C

SAMPLE EXECUTION

f'. The control cards that execute the TCAS SEM follow. Each record begins

in column 1 and is spaced as shown.

@RUN,/RTP (JRID), (CHARGE#) ,(USER) ,30,1000

@ASG,AX FAA*TCAS/U.

@ASG,A FAA* INRATE/U.

@USE 8.,FAA*INRATE/UJ.

@ASG,A FAA*OUTRTS/U.

@USE 10. ,FAA*OUTRTS/U.

@ASG,A FAA*BASIN1I/U.

@XQT FAA*TCAS/U.RUN.

@ADD FAA*BASIN1/U.

@FIN

The files named in the above records are defined in TABLE C-i. The output

file to be used in the DABS/ATCRBS/AIMS PPM contains the information shown in

TABLE C-2.

C-1
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TABLE C-I

FILES USE) IN THE TCAS SEM

File Name Description

IIRATE Input file of Interrogation and Suppression
Rates at each aircraft due to ground ATC from
DABS/ATCRBS/AIMS PPM

OUTRTS TCAS Signal Rates to be used in the
DABS/ATCRBS/AIMS PPM

BASINI Deployment Information: latitude,
longitude, altitude, type, and
velocity of each aircraft

TABLE C-2

KEY TO COLUMNS OF TCAS SEM OUTPUT

Column Description

Aircraft Identity Index ID of aircraft in the deployment file

Mode S Misaddresses Number of' Mode S misaddressed interrogations received
above sensitivity

Mode S Suppressions Number of ATCRBS suppressions received above
sensitivity at Mode S transponder-equipped aircraft

Modes S Interrogations Number of ATCRBS interrogations received above
sensitivity at Mode S transponder-equipped aircraft

ATCRBS Suppressions Number of ATCRBS interrogations received above
sensitivity at ATCRBS transponder-equipped aircraft

ATCRBS Interrogations Number of ATCRBS interrogations received above
sensitivity at ATCRBS transponder-equipped aircraft

TCAS II M Deadtime Mutual-suppression time (in us) of each TAS II M
receiver

TCAS I Interrogations Number of TCAS I interrogations received above
sensitivity at ATCRBS and Mode S-equipped aircraft

C-2
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